APPARATUS FOR EVALUATING DETERIORATED STATE 
OF HYDROCARBON ADSORBENT 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus 
for evaluating the deteriorated state of a hydrocarbon 
adsorbent that is disposed in the exhaust passage of an 
internal combustion engine. 
Description of the Related Art : 

Some known systems for purifying exhaust gases 
emitted from internal combustion engines have an exhaust 
gas purifier disposed in the exhaust passage, which may 
comprise a hydrocarbon adsorbent such as zeolite or a hy- 
drocarbon adsorbing catalyst comprising a composite com- 
bination of a hydrocarbon adsorbent and a three-way cata- 
lyst, for adsorbing hydrocarbons (HC) in the exhaust gas 
while the catalytic converter such as a three-way cata- 
lyst or the like is not functioning sufficiently, i.e., 
while the catalytic converter is not sufficiently acti- 
vated as when the internal combustion engine starts to 
operate at a low temperature. The hydrocarbon adsorbent 
has a function to adsorb hydrocarbons in the exhaust gas 
at relatively low temperatures below 100° C, for example, 
and operates to release the adsorbed hydrocarbons when 
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heated to a certain temperature in the range from 100 to 
250° C, for example. 

It has been desired in the art to evaluate the 
deteriorated state of a hydrocarbon adsorbent incorpo- 
rated in an exhaust gas purifier in order to determine 
when to replace the exhaust gas purifier. The applicant 
of the present application has proposed the following 
technique of evaluating the deteriorated state of a hy- 
drocarbon adsorbent : The hydrocarbon adsorbent is capa- 
ble of adsorbing not only hydrocarbons contained in ex- 
haust gases, but also moisture contained in exhaust 
gases . The ability of the hydrocarbon adsorbent to ad- 
sorb moisture, i.e., the maximum amount of moisture that 
can be adsorbed by the hydrocarbon adsorbent , is highly 
correlated to the ability of the hydrocarbon adsorbent to 
adsorb hydrocarbons, i.e., the maximum amount of hydro- 
carbons that can be adsorbed by the hydrocarbon adsorb- 
ent. As the hydrocarbon adsorbent progressively deterio- 
rates, both the ability to adsorb moisture and the abil- 
ity to adsorb hydrocarbons are progressively lowered in 
the same manner. Therefore, when the ability of the hy- 
drocarbon adsorbent to adsorb moisture is evaluated, the 
ability of the hydrocarbon adsorbent to adsorb hydrocar- 
bons can also be evaluated based on the evaluated ability 
to adsorb moisture. According to the technique proposed 
by the applicant, a humidity sensor is disposed down- 
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stream of the hydrocarbon adsorbent or humidity sensors 
are disposed respectively downstream and upstream of the 
hydrocarbon adsorbent. The deteriorated state of the hy- 
drocarbon adsorbent is evaluated based on the transition 
of an output signal from the humidity sensor or sensors 
after the internal combustion engine has started to oper- 
ate. 

For adequately evaluating the deteriorated 
state of the hydrocarbon adsorbent using output data from 
the humidity sensor or sensors in various many environ- 
ments that the internal combustion engine is subject to 
while in operation, the humidity sensor or sensors that 
are exposed to high- temperature exhaust gases are re- 
quired to be highly durable over a long period of time, 
and also required to have minimum changes in the aging 
characteristics thereof and to suffer minimum character- 
istic variations among individual units of humidity sen- 
sors . 

However, it is generally difficult for humid- 
ity sensors to fully satisfy all the above requirements. 
It would need a large expenditure of money and labor to 
develop humidity sensors that fully satisfy all the above 
requirements, and such humidity sensors would be highly 
expensive to manufacture. 

SUMMARY OF THE INVENTION 
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It is therefore an object of the present in- 
vention to provide an apparatus for adequately evaluating 
the deteriorated state of a hydrocarbon adsorbent by com- 
pensating for changes in the characteristics of humidity 
sensors that are used and also compensating for charac- 
teristic variations among individual units of the humid- 
ity sensors. 

Basic principles of the present invention will 
first be described below. The humidity which is present 
downstream of a hydrocarbon adsorbent disposed in an ex- 
haust passage of an internal combustion engine after the 
internal combustion engine has started to operate, gener- 
ally undergoes the following transition: Immediately af- 
ter the internal combustion engine has started to oper- 
ate, the humidity which is present downstream of the hy- 
drocarbon adsorbent is of a relatively low level as mois- 
ture contained in the exhaust gas is adsorbed by the hy- 
drocarbon adsorbent . When the adsorption of moisture in 
the exhaust gas by the hydrocarbon adsorbent is satu- 
rated, the humidity which is present downstream of the 
hydrocarbon adsorbent changes to a tendency to monoto- 
nously increase from a low humidity to a high humidity 
and is eventually converged to a substantially constant 
high humidity level. Therefore, a changing timing at 
which the humidity downstream of the hydrocarbon adsorb- 
ent changes to a tendency to monotonously increase from a 



- 4 - 



low humidity to a high humidity after the internal com- 
bustion engine has started to operate corresponds to a 
timing at which the adsorption of moisture by the hydro- 
carbon adsorbent is saturated. Consequently, a total 
amount of moisture supplied to the hydrocarbon adsorbent 
up to the changing timing after the internal combustion 
engine has started to operate signifies a maximum quan- 
tity of moisture that can be adsorbed by the hydrocarbon 
adsorbent. Accordingly, if the total amount of moisture 
or a quantity corresponding thereto is recognized, then 
it is possible to evaluate the ability of the hydrocarbon 
adsorbent to adsorb moisture and hence the deteriorated 
state of the hydrocarbon adsorbent . 

For evaluating the deteriorated state of the 
hydrocarbon adsorbent, it is necessary to detect the 
changing timing. The changing timing can be recognized 
based on an appropriate characteristic quantity repre- 
senting a change in an output signal of a humidity sensor 
that is disposed downstream of the hydrocarbon adsorbent . 
For example, after the internal combustion engine has 
started to operate, the time when a change in the output 
signal of the humidity sensor from a low humidity level 
to a high humidity level exceeds a preset value can be 
detected as the changing timing. However, the transition 
of the output signal of the humidity sensor is affected 
by not only the deteriorated state of the hydrocarbon ad- 
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sorbent, but also a characteristic change of the humidity 
sensor due to a deterioration thereof. As the humidity 
sensor is progressively deteriorated, the rate of change 
of the output signal of the humidity sensor is lowered 
when the humidity represented by the output signal of the 
humidity sensor changes to the tendency to monotonously 
increase. Therefore, providing the preset value for de- 
tecting the changing timing is constant, then the de- 
tected changing timing varies depending on the deterio- 
rated state of the humidity sensor even if the deterio- 
rated state of the hydrocarbon adsorbent remains con- 
stant, and hence the total quantity of moisture supplied 
to the hydrocarbon adsorbent up to the detected changing 
timing changes. Therefore, it is preferable to correct 
the preset value for detecting the changing timing de- 
pending on the characteristic change of the humidity sen- 
sor due to its deterioration, thereby compensating for 
the characteristic change of the humidity sensor. 

According to a first aspect of the present in- 
vention, there is provided an apparatus for evaluating a 
deteriorated state of a hydrocarbon adsorbent disposed in 
an exhaust passage of an internal combustion engine for 
adsorbing hydrocarbons contained in an exhaust gas emit- 
ted from the internal combustion engine, based on the 
transition characteristics of an output signal of a hu- 
midity sensor which is disposed in the exhaust passage 
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downstream of the hydrocarbon adsorbent after the inter- 
nal combustion engine has started to operate, the appara- 
tus comprising changing timing detecting means for de- 
tecting a changing timing at which a humidity represented 
by the output signal of the humidity sensor changes to a 
tendency to monotonously increase from a low humidity to 
a high humidity based on a comparison between a charac- 
teristic quantity of a change in the output signal of the 
humidity sensor and a preset value, after the internal 
combustion engine has started to operate, evaluating pa- 
rameter acquiring means for acquiring data representing a 
total amount of moisture carried by the exhaust gas to 
the hydrocarbon adsorbent up to the changing timing after 
the internal combustion engine has started to operate, as 
a deterioration evaluating parameter for evaluating the 
deteriorated state of the hydrocarbon adsorbent, charac- 
teristic change detecting means for detecting a charac- 
teristic change of the humidity sensor based on the out- 
put signal of the humidity sensor under a predetermined 
condition, and characteristic change compensating means 
for correcting the preset value to detect the changing 
timing based on the characteristic change detected by the 
characteristic change detecting means. 

In the first aspect of the present invention, 
the preset value for detecting the changing timing is 
corrected based on the characteristic change of the hu- 
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midity sensor detected based on the output signal of the 
humidity sensor under the predetermined condition, e.g., 
a condition with respect to the timing to acquire the 
output signal of the humidity sensor, an operating condi- 
tion of the internal combustion engine, etc. Thus, it is 
possible to appropriately detect the changing timing ir- 
respective of the characteristic change of the humidity 
sensor. The data representing the total amount of mois- 
ture supplied to the hydrocarbon adsorbent up to the 
changing timing is acquired as the deterioration evaluat- 
ing parameter for evaluating the hydrocarbon adsorbent. 
The deterioration evaluating parameter thus acquired cor- 
responds to the total amount of moisture that can be ad- 
sorbed by the hydrocarbon adsorbent, and represents the 
deteriorated state (extent of deterioration) of the hy- 
drocarbon adsorbent. Regardless of the characteristic 
change of the humidity sensor, the hydrocarbon adsorbent 
is more deteriorated as the value of the deterioration 
evaluating parameter is smaller. Thus, the deteriorated 
state of the hydrocarbon adsorbent can adequately be 
evaluated based on the value of the deterioration evalu- 
ating parameter. Since the characteristic change of the 
humidity sensor can thus be compensated for, requirements 
for the steadiness of the characteristics of the humidity 
sensor are made less stringent, allowing the cost re- 
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quired to develop the humidity sensor and the cost re- 
quired to manufacture the humidity sensor to be reduced. 

In the first aspect of the present invention, 
the characteristic change of the humidity sensor detected 
by the characteristic change detecting means represents, 
for example, a characteristic change of a brand-new hu- 
midity sensor from predetermined reference characteris- 
tics . 

In the first aspect of the present invention, 
the characteristic quantity to be compared with the pre- 
set value may comprise a change in the output signal of 
the humidity sensor from a certain level to a high humid- 
ity level at the time the internal combustion engine 
starts operating, or a rate of change of the output sig- 
nal of the humidity sensor, i.e., a change in the output 
signal of the humidity sensor per given time. Generally, 
however, the output signal of the humidity sensor prior 
to the changing timing suffers a slight variation due to 
a disturbance or the like. Therefore, it is preferable 
to eliminate such a variation in the output signal of the 
humidity sensor prior to the changing timing for the pur- 
pose of preventing the changing timing from being de- 
tected in error. 

In the first aspect of the present invention, 
the changing timing detecting means should preferably 
comprise means for sequentially retrieving states in 
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which the humidity represented by the output signal of 
the humidity sensor takes a minimum value, after the in- 
ternal combustion engine has started to operate, and de- 
tecting the changing timing when a change in the output 
signal of the humidity sensor from the latest minimum 
value in the retrieved states to the high humidity, serv- 
ing as the characteristic quantity, exceeds the preset 
value . 

With the above arrangement, even if the output 
signal of the humidity sensor varies due to a disturbance 
or the like prior to the changing timing, it is possible 
to appropriately detect the changing timing at which the 
humidity represented by the output signal of the humidity 
sensor changes to the tendency to monotonously increase 
to the high humidity. 

In the first aspect of the present invention, 
the characteristic change detecting means should prefera- 
bly comprise means for determining a change, from a pre- 
determined reference value, of the output signal of the 
humidity sensor which is of a substantially constant high 
humidity level, as characteristic change detecting data 
representative of the characteristic change of the humid- 
ity sensor, after the changing timing is detected by the 
changing timing detecting means, and detecting the char- 
acteristic change of the humidity sensor based on the 
characteristic change detecting data. 
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Specifically, as will be described in greater 
detail later on, when the adsorption of moisture by the 
hydrocarbon adsorbent is saturated, the humidity down- 
stream of the hydrocarbon adsorbent monotonously in- 
creases from a low humidity to a high humidity and there- 
after converges to a substantially constant high humid- 
ity, which is inherent in the exhaust gas. While the hu- 
midity at the location of the humidity sensor is being 
substantially constant, the level of the output signal of 
the humidity sensor changes as the humidity sensor is 
progressively deteriorated. According to the present in- 
vention, after the changing timing is detected by the 
changing timing detecting means, a change, from a prede- 
termined reference value, of the output signal of the hu- 
midity sensor which is of a substantially constant high 
humidity level is determined as characteristic change de- 
tecting data representative of the characteristic change 
of the humidity sensor. Then, the characteristic change 
of the humidity sensor is detected based on the charac- 
teristic change detecting data. In this manner, the 
characteristic change of the humidity sensor can appro- 
priately be detected. The reference value may be the 
value of an output signal which is generated by a brand- 
new humidity sensor at the above constant humidity. If 
the characteristic change detecting data is used to de- 
tect the characteristic change of the humidity sensor. 
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since the characteristic change detecting data is deter- 
mined after the changing timing is detected, the preset 
value is corrected based on the characteristic change of 
the humidity sensor that is detected based on the charac- 
teristic change detecting data when the internal combus- 
tion engine is operated next time or more subsequently. 

In the first aspect of the present invention, 
the apparatus should preferably further comprise charac- 
teristic data holding means associated with the humidity 
sensor for holding, in advance, data with respect to 
characteristics of each individual unit of the humidity 
sensor, and the characteristic change detecting means 
comprises means for detecting the characteristic change 
of the humidity sensor based on the output signal of the 
humidity sensor under the predetermined condition and the 
data held by the characteristic data holding means. 

With the above arrangement, since the charac- 
teristic change of the humidity sensor is detected using 
the data held by the characteristic data holding means 
associated with the humidity sensor, i.e., the data with 
respect to characteristics of each individual unit of the 
humidity sensor, when the preset value for detecting the 
changing timing is corrected, not only characteristic 
changes of the humidity sensor, but also characteristic 
variations among individual units of the humidity sensor 
can be compensated for. As a result, requirements for 
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the steadiness of the characteristics of individual sen- 
sors are made less stringent, and hence the cost required 
to develop the humidity sensor and the cost required to 
manufacture the humidity sensor are reduced. 

As described above, if a change from the ref- 
erence value of the output signal of the humidity sensor 
which is of a substantially constant humidity level is 
used as the characteristic change detecting data after 
having detected the changing timing, then the apparatus 
has characteristic data holding means associated with the 
humidity sensor for holding, in advance, data for identi- 
fying the reference value with respect to the character- 
istic change detecting data as data with respect to char- 
acteristics of each individual unit of the humidity sen- 
sor, and the characteristic change detecting means com- 
prises means for determining the characteristic change 
detecting data using the reference value which is identi- 
fied by the data held by the characteristic data holding 
means . 

With the above arrangement, the reference 
value which serves as a reference for detecting the char- 
acteristic change of the humidity sensor is adjusted to 
match the characteristics of each individual unit of the 
humidity sensor. As a consequence, the characteristic 
change of the humidity sensor can be detected while ap- 
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propriately compensating for characteristic variations of 
individual units of the humidity sensor. 

In the first aspect of the present invention 
wherein characteristic variations of individual units of 
the humidity sensor are compensated for, the characteris- 
tic data holding means should preferably comprise a re- 
sistive element having a resistance depending on the data 
with respect to characteristics of each individual unit 
of the humidity sensor. 

The characteristic data holding means which 
comprises a resistive element can be manufactured inex- 
pensively and have a simple structure. Inasmuch as the 
resistance of the resistive element can be detected rela- 
tively easily, the data with respect to the characteris- 
tics of each individual unit of the humidity sensor can 
easily be recognized. The characteristic data holding 
means should preferably be provided on a connector by 
which the humidity sensor is connected to an electronic 
circuit unit, for example, for processing the output sig- 
nal of the humidity sensor. 

In the first aspect of the present invention, 
the evaluating parameter acquiring means should prefera- 
bly comprise means for generating integrated moisture 
quantity data representative of sequentially integrated 
data of a quantity of moisture contained in the exhaust 
gas emitted from the internal combustion engine from the 
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start of operation of the internal combustion engine, and 
means for acquiring the integrated moisture quantity data 
at the changing timing as the deterioration evaluating 
parameter. 

Specifically, the integrated moisture quantity 
data at the changing timing represents a total quantity 
of moisture that is supplied to the hydrocarbon adsorbent 
until the adsorption of moisture by the hydrocarbon ad- 
sorbent is saturated after the internal combustion engine 
has started to operate. Therefore, the integrated mois- 
ture quantity data at the changing timing can be obtained 
as an appropriate deterioration evaluating parameter rep- 
resentative of the ability of the hydrocarbon adsorbent 
to adsorb moisture and hence the ability of the hydrocar- 
bon adsorbent to adsorb hydrocarbons . 

While the internal combustion engine is being 
shut off, the hydrocarbon adsorbent adsorbs some moisture 
that is present therearound. Therefore, when the inter- 
nal combustion engine starts to operate, the humidity in 
the vicinity of the hydrocarbon adsorbent , including a 
region upstream thereof, is relatively low. Even after 
the internal combustion engine has started to operate, 
there is a short time delay until the exhaust gas gener- 
ated by the internal combustion engine, i.e., the exhaust 
gas that is relatively highly humid, reaches a position 
near the inlet of the hydrocarbon adsorbent. Conse- 
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quently, the humidity upstream of the hydrocarbon adsorb- 
ent is low for a relatively short period of time immedi- 
ately after the internal combustion engine has started to 
operate. Thereafter, when the highly humid exhaust gas 
reaches the position near the inlet of the hydrocarbon 
adsorbent, the humidity upstream of the hydrocarbon ad- 
sorbent exhibits a tendency to monotonously increase from 
a low humidity to a high humidity, and then converges to 
a substantially constant high humidity level. The timing 
at which the humidity upstream of the hydrocarbon adsorb- 
ent changes from a low humidity to a high humidity may 
vary depending on the structure of the exhaust system of 
the internal combustion engine and the absorption of 
moisture by a catalytic converter that is disposed up- 
stream of the hydrocarbon adsorbent. In this case, the 
timing at which the hydrocarbon adsorbent essentially 
starts adsorbing moisture in the exhaust gas in the ex- 
haust gas tends to vary. For more adequately evaluating 
the deteriorated state of the hydrocarbon adsorbent, 
i.e., its ability to adsorb hydrocarbons and moisture, it 
is preferable that the changing timing at which the hu- 
midity upstream of the hydrocarbon adsorbent exhibits a 
tendency to monotonously increase from a low humidity to 
a high humidity be detected using a humidity sensor dis- 
posed upstream of the hydrocarbon adsorbent, and data 
representative of a total quantity of moisture that is 
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supplied to the hydrocarbon adsorbent from the changing 
timing of the output signal from the upstream humidity 
sensor to the changing timing of the output signal from 
the downstream humidity sensor be acquired as a deterio- 
ration evaluating parameter. If the humidity sensor is 
provided not only downstream of the hydrocarbon adsorbent 
but also upstream of the hydrocarbon adsorbent, then it 
is preferable to compensate for both characteristic 
changes of the downstream humidity sensor and character- 
istic changes of the upstream humidity sensor. 

According to a second aspect of the present 
invention, there is provided an apparatus for evaluating 
a deteriorated state of a hydrocarbon adsorbent disposed 
in an exhaust passage of an internal combustion engine 
for adsorbing hydrocarbons contained in an exhaust gas 
emitted from the internal combustion engine, based on the 
transition characteristics of output signals of upstream 
and downstream humidity sensors which are disposed in the 
exhaust passage respectively upstream and downstream of 
the hydrocarbon adsorbent after the internal combustion 
engine has started to operate, the apparatus comprising 
upstream changing timing detecting means for detecting a 
changing timing at which a humidity represented by the 
output signal of the upstream humidity sensor changes to 
a tendency to monotonously increase from a low humidity 
to a high humidity based on a comparison between a char- 
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acteristic quantity of a change in the output signal of 
the upstream humidity sensor and a first preset value, 
after the internal combustion engine has started to oper- 
ate, downstream changing timing detecting means for de- 
tecting a changing timing at which a humidity represented 
by the output signal of the downstream humidity sensor 
changes to a tendency to monotonously increase from a low 
humidity to a high humidity based on a comparison between 
a characteristic quantity of a change in the output sig- 
nal of the downstream humidity sensor and a second preset 
value, evaluating parameter acquiring means for acquiring 
data representing a total amount of moisture carried by 
the exhaust gas to the hydrocarbon adsorbent from the up- 
stream changing timing to the downstream changing timing, 
as a deterioration evaluating parameter for evaluating 
the deteriorated state of the hydrocarbon adsorbent, 
characteristic change detecting means for detecting a 
characteristic change of each of the humidity sensors 
based on the output signals of the humidity sensors under 
a predetermined condition, and characteristic change com- 
pensating means for correcting the first preset value and 
the second preset value based on the characteristic 
changes of the upstream humidity sensor and the down- 
stream humidity sensor detected by the characteristic 
change detecting means . 
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In the second aspect of the present invention, 
the second preset value for detecting the changing timing 
with respect to the downstream humidity sensor is cor- 
rected based on the detected characteristic change of the 
downstream humidity sensor as with the first aspect of 
the present invention. The first preset value for de- 
tecting the changing timing with respect to the upstream 
humidity sensor is corrected based on the detected char- 
acteristic change of the upstream humidity sensor in the 
same manner as the second preset value with respect to 
the downstream humidity sensor. Therefore, the changing 
timings with respect to the upstream and downstream hu- 
midity sensors can appropriately be detected irrespective 
of the characteristic changes of those humidity sensors. 
The data representing the total amount of moisture sup- 
plied to the hydrocarbon adsorbent from the upstream 
changing timing to the downstream changing timing is ac- 
quired as the deterioration evaluating parameter, and the 
deterioration evaluating parameter thus acquired corre- 
sponds to the total quantity of moisture that can be ad- 
sorbed by the hydrocarbon adsorbent independently of 
characteristic changes of the humidity sensors and varia- 
tions of the changing timing of the upstream humidity, 
and thus represents the deteriorated state (extent of de- 
terioration) of the hydrocarbon adsorbent. Specifically, 
as the value of the deterioration evaluation parameter is 
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smaller, the hydrocarbon adsorbent is more deteriorated 
independently of characteristic changes of the humidity 
sensors and variations of the changing timing of the up- 
stream humidity. The deteriorated state of the hydrocar- 
bon adsorbent can be evaluated more adequately based on 
the value of the deterioration evaluating parameter. Be- 
cause the characteristic changes of both the humidity 
sensors can be compensated for, requirements for the 
steadiness of the characteristics of the humidity sensors 
are made less stringent, allowing the humidity sensors to 
have some characteristic changes. Consequently, the cost 
required to develop the humidity sensor and the cost re- 
quired to manufacture the humidity sensor can be reduced. 

In the second aspect of the present invention, 
the characteristic quantities with respect to both the 
upstream and downstream humidity sensors should prefera- 
bly be the same as the characteristic quantity in the 
first aspect of the present invention. Specifically, the 
upstream changing timing detecting means should prefera- 
bly comprise means for sequentially retrieving states in 
which the humidity represented by the output signal of 
the upstream humidity sensor takes a minimum value, after 
the internal combustion engine has started to operate, 
and detecting the changing timing with respect to the up- 
stream humidity sensor when a change in the output signal 
of the upstream humidity sensor from the latest minimum 
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value in the retrieved states to the high humidity, serv- 
ing as the characteristic quantity with respect to the 
upstream humidity sensor, exceeds the first preset value. 
Similarly, the downstream changing timing detecting means 
should preferably comprise means for sequentially re- 
trieving states in which the humidity represented by the 
output signal of the downstream humidity sensor takes a 
minimum value, after the internal combustion engine has 
started to operate, and detecting the changing timing 
with respect to the downstream humidity sensor when a 
change in the output signal of the downstream humidity 
sensor from the latest minimum value in the retrieved 
states to the high humidity, serving as the characteris- 
tic quantity with respect to the downstream humidity sen- 
sor, exceeds the second preset value. 

With the above arrangement, the changing tim- 
ings of the humidities detected by the upstream and down- 
stream humidity sensors can adequately be detected even 
if the output signals of the humidity sensors are varied 
due to a disturbance or the like prior to the respective 
changing timings . 

In the second aspect of the present invention, 
the characteristic change detecting means should prefera- 
bly comprise means for determining a change, from a pre- 
determined reference value, of the output signal of the 
upstream humidity sensor which is of a substantially con- 
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stant high humidity level, as characteristic change de- 
tecting data representative of the characteristic change 
of the upstream humidity sensor, after the changing tim- 
ing is detected by the upstream changing timing detecting 
means, determining a change, from a predetermined refer- 
ence value, of the output signal of the downstream humid- 
ity sensor which is of a substantially constant high hu- 
midity level, as characteristic change detecting data 
representative of the characteristic change of the down- 
stream humidity sensor, after the changing timing is de- 
tected by the downstream changing timing detecting means, 
and detecting the characteristic change of each of the 
humidity sensors based on the characteristic change de- 
tecting data with respect to each of the humidity sen- 
sors . 

As described above in the first aspect of the 
present invention, the humidity at the location of the 
downstream humidity sensor finally converges to a sub- 
stantially constant high humidity level after the chang- 
ing timing of the downstream humidity, and the level of 
the output signal of the downstream humidity sensor at 
the substantially constant high humidity level changes as 
the downstream humidity sensor is progressively deterio- 
rated. This also holds true for the upstream humidity 
sensor. Consequently, the characteristic change detect- 
ing data with respect to the humidity sensors are deter - 
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mined in the same manner as with the first aspect of the 
present invention, and the characteristic changes of the 
humidity sensors are detected based on the determined 
characteristic change detecting data with respect to the 
humidity sensors, so that the characteristic changes can 
appropriately be detected with respect to the respective 
humidity sensors . 

The reference value with respect to each of 
the humidity sensors may be the value of an output signal 
which is generated by a brand-new humidity sensor at the 
above constant humidity. If the characteristic change 
detecting data is used to detect the characteristic 
change of each of the humidity sensors, since the charac- 
teristic change detecting data for each of the humidity 
sensors is determined after the changing timing with re- 
spect to each of the humidity sensors is detected, the 
first and second preset values are corrected based on the 
characteristic changes of the humidity sensors that are 
detected based on the characteristic change detecting 
data when the internal combustion engine is operated next 
time or more subsequently. 

In the second aspect of the present invention, 
the apparatus should preferably further comprise charac- 
teristic data holding means associated respectively with 
the upstream and downstream humidity sensors, for hold- 
ing, in advance, data with respect to characteristics of 
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each individual unit of the upstream and downstream hu- 
midity sensors, and the characteristic change detecting 
means comprises means for detecting the characteristic 
changes of upstream and downstream humidity sensors based 
on the output signals of the upstream and downstream hu- 
midity sensors under the predetermined condition and the 
data held by the characteristic data holding means. 

With the above arrangement, since the charac- 
teristic changes of the humidity sensors are detected us- 
ing the data held by the characteristic data holding 
means associated respectively with the upstream and down- 
stream humidity sensors, i.e., the data relative to the 
characteristics of the individual units of the upstream 
and downstream humidity sensors, when the first and sec- 
ond preset values for detecting the upstream and down- 
stream changing timings are corrected, it is possible to 
compensate for not only characteristic changes of the hu- 
midity sensors, but also characteristic variations among 
individual units of the humidity sensors. As a result, 
requirements for the steadiness of the characteristics of 
individual sensors are made less stringent, and hence the 
cost required to develop the humidity sensors and the 
cost required to manufacture the humidity sensors are re- 
duced. 

For detecting the characteristic changes of 
the humidity sensors using the characteristic change de- 
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tecting data, the apparatus should preferably further 
comprise characteristic data holding means associated re- 
spectively with the humidity sensors, for holding, in ad- 
vance, data for identifying the reference values with re- 
spect to the characteristic change detecting data with 
respect to the respective humidity sensors as data with 
respect to characteristics of each individual unit of the 
humidity sensors, and the characteristic change detecting 
means comprises means for determining the characteristic 
change detecting data with respect to the respective hu- 
midity sensors using the reference values which are iden- 
tified by the data held by the characteristic data hold- 
ing means of the respective humidity sensors . 

With the above arrangement, the reference val- 
ues which serve as a reference for detecting the charac- 
teristic changes of the humidity sensors are adjusted to 
match the characteristics of individual units of the hu- 
midity sensors. As a consequence, the characteristic 
changes of the humidity sensors can be detected while ap- 
propriately compensating for characteristic variations of 
individual units of the upstream and downstream humidity 
sensors . 

In the second aspect of the present invention 
wherein characteristic variations of individual units of 
the upstream and downstream humidity sensors are compen- 
sated for, as with the first aspect of the present inven- 
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tion, the characteristic data holding means should pref- 
erably comprise respective resistive elements having re- 
spective resistances depending on the data with respect 
to characteristics of individual units of the humidity 
sensors. The characteristic data holding means which 
comprise resistive elements can be manufactured inexpen- 
sively and have a simple structure. Inasmuch as the re- 
sistances of the resistive elements can be detected rela- 
tively easily, the data with respect to the characteris- 
tics of individual units of the humidity sensors can eas- 
ily be recognized. 

In the second aspect of the present invention, 
the evaluating parameter acquiring means should prefera- 
bly comprise means for generating integrated moisture 
quantity data representative of sequentially integrated 
data of a quantity of moisture contained in the exhaust 
gas emitted from the internal combustion engine from the 
start of operation of the internal combustion engine, and 
means for acquiring the difference between the integrated 
moisture quantity data at the changing timing with re- 
spect to the downstream humidity sensor and the inte- 
grated moisture quantity data at the changing timing with 
respect to the upstream humidity sensor, as the deterio- 
ration evaluating parameter. 

Specifically, the difference between the inte- 
grated moisture quantity data at the downstream changing 
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timing and the integrated moisture quantity data at the 
upstream changing timing represents a total quantity of 
moisture that is supplied to the hydrocarbon adsorbent 
from the upstream changing timing to the downstream 
changing timing. Therefore, the difference obtained as 
the deterioration evaluating parameter is appropriate as 
representing the ability of the hydrocarbon adsorbent to 
adsorb moisture and hence the ability of the hydrocarbon 
adsorbent to adsorb hydrocarbons regardless variations of 
the upstream changing timing. 

In either the first aspect or the second as- 
pect of the present invention, the integrated moisture 
quantity data may be the data of an integrated moisture 
quantity itself, but may basically be any data insofar as 
it is substantially proportional to the integrated mois- 
ture quantity. For example, an integrated value of a 
quantity of fuel supplied to the internal combustion en- 
gine or an integrated value of a quantity of air drawn 
into the internal combustion engine may be used as the 
integrated moisture quantity data. If the internal com- 
bustion engine operates in a substantially constant mode 
such as an idling mode after it has started operating, 
then a period of time that has elapsed after the internal 
combustion engine has started operating may be used as 
the integrated moisture quantity data. 

The above and other objects, features, and ad- 
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vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of an apparatus for 
evaluating the deteriorated state of a hydrocarbon ad- 
sorbent according to a first embodiment of the present 
invention; 

FIG. 2 is a cross -sectional view of an exhaust 
gas purifier in the apparatus shown in FIG. 1; 

FIG. 3 is a graph showing the output charac- 
teristics of a humidity sensor in the apparatus shown in 
FIG. 1; 

FIG. 4 is a block diagram showing an arrange- 
ment in which the humidity sensor and a deterioration 
evaluating device in the apparatus shown in FIG. 1 are 
connected to each other; 

FIG. 5 is a graph showing the transition of 
the output signal of the humidity sensor in the apparatus 
shown in FIG. 1; 

FIG. 6 is a flowchart of an operation sequence 
of the apparatus shown in FIG. 1; 

FIG. 7 is a graph showing a data table used in 
the operation sequence shown in FIG. 6; 
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FIG. 8 is a graph showing another data table 
used in the operation sequence shown in FIG. 6; 

FIGS. 9 and 10 are a flowchart of another op- 
eration sequence of the apparatus shown in FIG. 1; 

FIG. 11 is a flowchart of an operation se- 
quence of an apparatus for evaluating the deteriorated 
state of a hydrocarbon adsorbent according to a second 
embodiment of the present invention; and 

FIGS. 12 and 13 are a flowchart of another op- 
eration sequence of the apparatus according to the second 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An apparatus for evaluating the deteriorated 
state of a hydrocarbon adsorbent according to a first em- 
bodiment of the present invention will first be described 
below with reference to FIGS. 1 through 10. FIG. 1 shows 
in block form the apparatus according to the first em- 
bodiment of the present invention. An internal combus- 
tion engine 1 is mounted as a propulsion source on an 
automobile or a hybrid vehicle, for example. When a mix- 
ture of fuel and air is drawn from an intake pipe (intake 
passage) 4 having a throttle valve 2 and a fuel injector 
3 and combusted in each cylinder of the internal combus- 
tion engine 1, an exhaust gas is generated and emitted 
from each cylinder into an exhaust pipe (exhaust passage) 
5. A catalytic converter 6 and an exhaust gas purifier 7 
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which incorporates a hydrocarbon adsorbent 12, to be de- 
scribed later on, are successively arranged downstream 
and mounted on the exhaust pipe 5 for purifying the ex- 
haust gas emitted from the internal combustion engine 1 . 
A portion of the exhaust pipe 5 which extends upstream of 
the catalytic converter 6 is referred to as a first ex- 
haust pipe 5a. A portion of the exhaust pipe 5 which ex- 
tends between the catalytic converter 6 and the exhaust 
gas purifier 7 is referred to as a second exhaust pipe 
5b. A portion of the exhaust pipe 5 which extends down- 
stream of the exhaust gas purifier 7 is referred to as a 
third exhaust pipe 5c. The third exhaust pipe 5c has a 
downstream end that is open into the atmosphere. If nec- 
essary, a catalytic converter which is different from the 
catalytic converter 6 and a muffler (silencer) may be 
mounted on the third exhaust pipe 5c. 

The catalytic converter 6 incorporates a 
three-way catalyst (not shown) therein. The catalytic 
converter 6 purifies, by way of oxidizing and reducing 
reactions, gas components including nitrogen oxide (NOx), 
hydrocarbons (HC) , carbon monoxide (CO), etc. contained 
in the exhaust gas emitted from the internal combustion 
engine 1 and supplied from the first exhaust pipe 5a into 
the catalytic converter 6 . 

The exhaust gas purifier 7 has a structure as 
shown in FIG. 2. The exhaust gas purifier 7 comprises 
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two branch passages 8, 9 branched from the downstream end 
of the second exhaust pipe 5b , a substantially cylindri- 
cal housing 10 connected to the downstream end of the 
branch passage 8, and a bypass exhaust pipe (exhaust pas- 
sage) 11 disposed substantially concentrically in the 
housing 10. A cylindrical hydrocarbon adsorbent (herein- 
after referred to as "HC adsorbent") 12 is mounted in the 
bypass exhaust pipe 11. The HC adsorbent 12 is made of a 
zeolite-based material and serves to adsorb HC contained 
in the exhaust gas which is emitted from the internal 
combustion engine 1 in an initial phase of operation of 
the internal combustion engine 1. 

A tubular space 13 is defined between the in- 
ner circumferential surface of the housing 10 and the 
outer circumferential surface of the bypass exhaust pipe 
11 for introducing therein the exhaust gas from the 
branch passage 8. The bypass exhaust pipe 11 has an up- 
stream end (left end in FIG. 2) connected to the down- 
stream end of the branch passage 9 through an opening 10a 
that is defined in an upstream end wall of the housing 
10. The upstream end of the bypass exhaust pipe 11 has 
an outer circumferential surface closely held against the 
inner circumferential surface of the opening 10a in the 
housing 10, keeping the exhaust passage 13 in the housing 
10 out of communication with the branch passage 9 through 
the opening 10a. 
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An EGR (Exhaust Gas Recirculation) passage 14 
extends from the upstream end of the bypass passage 11. 
The EGR passage 14 communicates with the space in the by- 
pass passage 11 through a communication hole 15 that is 
defined in the circumferential wall of the upstream end 
of the bypass passage 11. As shown in FIG. 1, the EGR 
passage 14 is connected to the intake pipe 4 downstream 
of the throttle valve 2. The EGR passage 14 serves to 
return the exhaust gas to the intake pipe 4 under given 
conditions during operation of the internal combustion 
engine 1 in order to combust an unburned gas in the ex- 
haust gas. An on/off solenoid-operated valve 16 is 
mounted in the EGR passage 14 for selectively opening and 
closing the EGR passage 14. 

The bypass exhaust pipe 11 has a downstream 
end (right end in FIG. 2) connected to the third exhaust 
pipe 5c through an opening 10b that is defined in a down- 
stream end wall of the housing 10. The downstream end of 
the bypass exhaust pipe 11 has an outer circumferential 
surface closely held against the inner circumferential 
surface of the opening 10b in the housing 10 , keeping the 
exhaust passage 13 in the housing 10 out of communication 
with the third exhaust pipe 5c through the opening 10b. 
The exhaust passage 13 communicates with the bypass ex- 
haust pipe 11 through a plurality of communication holes 
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17 which are defined in a downstream circumferential wall 
of the bypass exhaust pipe 11. 

The second exhaust pipe 5b and the branch pas- 
sages 8 # 9 are joined to each other at a junction where 
there is disposed a directional control valve 18 for 
venting one, at a time, of the branch passages 8, 9 to 
the second exhaust pipe 5b. The directional control 
valve 18 can be angularly moved about a pivot shaft 19 
between a solid-line position and an imaginary- line posi- 
tion in FIG. 2 by an actuator (not shown) . When the di- 
rectional control valve 18 is actuated into the solid- 
line position, it shields the branch passage 9 from the 
second exhaust pipe 5b and vents the branch passage 8 to 
the second exhaust pipe 5b. Conversely, when the direc- 
tional control valve 18 is actuated into the imaginary- 
line position, it vents the branch passage 8 to the sec- 
ond exhaust pipe 5b and shields the branch passage 9 to 
the second exhaust pipe 5b. Therefore, when the direc- 
tional control valve 18 is actuated into the solid-line 
position, the exhaust gas supplied from the internal com- 
bustion engine 1 through the second exhaust pipe 5b to 
the exhaust gas purifier 7 flows through the branch pas- 
sage 8, the exhaust passage 13 in the housing 10, the 
communication holes 17, and the third exhaust pipe 5c 
into the atmosphere. When the directional control valve 

18 is actuated into the imaginary- line position, the ex- 



- 33 - 



haust gas supplied from the internal combustion engine 1 
through the second exhaust pipe 5b to the exhaust gas pu- 
rifier 7 flows through the branch passage 9, the bypass 
exhaust pipe 11 (including the HC adsorbent 12 mounted 
therein) , and the third exhaust pipe 5c into the atmos- 
phere . 

The apparatus also has , in addition to the 
above mechanical structures, the following components for 
controlling operation of the internal combustion engine 1 
and evaluating a deteriorated state of the HC adsorbent 
12. Specifically, the apparatus has a controller 20 
(hereinafter referred to as "ECU 20") for controlling op- 
eration of the internal combustion engine 1 (including 
operation of the on/off valve 16 in the EGR passage 14 
and the directional control valve 18), a deterioration 
evaluating device 21 for executing a processing sequence 
to evaluate a deteriorated state of the HC adsorbent 12, 
a deterioration indicator 22 for indicating the deterio- 
rated state as evaluated, and a humidity sensor 23 
mounted on the exhaust gas purifier 7 for detecting the 
humidity (relative humidity) of the exhaust gas down- 
stream of the HC adsorbent 12. The ECU 20 and the dete- 
rioration evaluating device 21 are implemented by a mi- 
crocomputer or the like. The deterioration indicator 22 
comprises a lamp, a buzzer, or a display unit for dis- 
playing characters, a graphic image, etc. Denoted by the 
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reference numeral 24 in FIG, 1 is a humidity sensor used 
in a second embodiment of the present invention, which 
may be dispensed with the present embodiment. 

The humidity sensor 23 has a humidity sensing 
element (not shown) made of a porous material of alumina, 
titania, or the like, whose electric resistance varies 
depending on the humidity (relative humidity) of the ex- 
haust gas to which the humidity sensor 23 is exposed. 
When the humidity sensor 23 is energized by the deterio- 
ration evaluating device 21, the humidity sensor 23 pro- 
duces an output voltage VHR, which is proportional to the 
electric resistance of the humidity sensing element, de- 
pending on the humidity (relative humidity) of the ex- 
haust gas, as shown in FIG. 3. The output voltage VHR of 
the humidity sensor 23 decreases substantially linearly 
as the humidity increases. Therefore, the output voltage 
VHR of the humidity sensor 23 has a negative humidity co- 
efficient, i.e., it decreases as the humidity (relative 
humidity) of the exhaust gas increases. As shown in FIG. 
2, the humidity sensor 23 is mounted on the housing 10 
with its humidity sensing element (at the tip end of the 
humidity sensor 23) projecting into the bypass exhaust 
pipe 11 downstream of the HC adsorbent 12. Therefore, 
the humidity sensor 23 produces an output voltage VHR de- 
pending on the humidity (relative humidity) of the ex- 
haust gas downstream of the HC adsorbent 12 in the vicin- 
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ity of the HC adsorbent 12 within the bypass exhaust pipe 
11. The reference characters VHF in parentheses shown in 
FIG. 3 refer to an output voltage used in the second em- 
bodiment of the present invention which will be described 
later on. 

As shown in FIG. 4, the humidity sensor 23 is 
electrically connected to the deterioration evaluating 
device 21 by two connectors 25a, 25b. The connector 25a 
closer to the humidity sensor 23 has a resistive element 
26 serving as a characteristic data holding means. The 
resistive element 26 has a resistance depending on the 
characteristics actually measured for each individual 
unit of the humidity sensor 23. The resistive element 26 
(hereinafter referred to as "label resistive element 26") 
is electrically connected, together with the humidity 
sensor 23, to the deterioration evaluating device 21 when 
the connector 25a closer to the humidity sensor 23 is 
connected to the connector 25b closer to the deteriora- 
tion evaluating device 21. The deterioration evaluating 
device 21 has a resistance detecting circuit 27 for de- 
tecting the resistance of the label resistive element 26, 
i.e., generating a voltage having a level depending on 
the resistance of the label resistive element 26. The 
deterioration evaluating device 21 recognizes the charac- 
teristics of the humidity sensor 23 that is used based on 
the resistance of the label resistive element 26 which is 
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detected by the resistance detecting circuit 27, and sets 
a parameter, to be described in detail later on, related 
to the evaluation of a deteriorated state of the HC ad- 
sorbent 12. The reference numerals 24 in parentheses 
shown in FIG. 4 refer to a humidity sensor in the second 
embodiment of the present invention which will be de- 
scribed later on. 

As shown in FIG- 1, the ECU 20 is supplied 
with detected data of the rotational speed NE of the in- 
ternal combustion engine 1 , the engine temperature TW 
thereof (specifically, the temperature of the coolant of 
the internal combustion engine 1), etc. from non- 
illustrated sensors, and also with an operation start 
command signal and an operation stop command signal for 
the internal combustion engine 1 from a non- illustrated 
operation switch. The ECU 20 then controls operation of 
the internal combustion engine 1 based on the detected 
data and the command signals that are supplied thereto, 
according to a predetermined control program. Specifi- 
cally, the ECU 20 controls the opening of the throttle 
valve 2 with an actuator (not shown) , controls the amount 
of fuel injected by the fuel injector 3, controls an ig- 
niter (not shown), controls the starting of the internal 
combustion engine 1 with a starter motor (not shown), 
controls the on/off valve 16 mounted in the EGR passage 
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16 , and controls operation of the directional control 
valve 18 of the exhaust gas purifier 7. 

The deterioration evaluating device 21 is sup- 
plied with the output voltage VHR from the humidity sen- 
sor 23, i.e., a signal indicative of a detected value of 
the relative humidity, detected data of the resistance of 
the label resistive element 26 which represents the char- 
acteristics of the humidity sensor 23, detected data of 
the engine temperature TW of the engine 1 from the ECU 
20, and a fuel injection quantity command value Tout gen- 
erated by the ECU 20 for controlling the amount of fuel 
to be injected into the internal combustion engine 1, 
i.e., a value which determines the amount of fuel to be 
injected by the fuel injector 3. The deterioration 
evaluating device 21 evaluates, i.e., recognizes, a dete- 
riorated state of the HC adsorbent 12 of the exhaust gas 
purifier 7 based on the supplied data according to a pre- 
determined program, as described later on. The deterio- 
ration evaluating device 21 evaluates a deteriorated 
state of the HC adsorbent 12 as either a state where it 
has been deteriorated to the extent that it needs to be 
replaced (such a deteriorated state will hereinafter be 
referred to as n deterioration-in-progress state") or a 
state where it has not been deteriorated to the deterio- 
ration-in-progress state (such a state will hereinafter 
be referred to as "non-deteriorated state"). When the 
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deterioration evaluating device 21 judges that the dete- 
riorated state of the HC adsorbent 12 is the deteriora- 
tion-in-progress state, the deterioration evaluating de- 
vice 21 controls the deterioration indicator 22 to indi- 
cate the deteriorated state as thus evaluated. The dete- 
rioration evaluating device 21 functions as the changing 
timing detecting means, the evaluating parameter acquir- 
ing means, the characteristic change detecting means, and 
the characteristic change compensating means according to 
the first aspect of the present invention. 

Operation of the apparatus according to the 
present embodiment, particularly for evaluating the dete- 
riorated state of the HC adsorbent 12, will be described 
in detail below. When the operation switch (not shown) 
is turned on to start operation of the internal combus- 
tion engine 1, the ECU 20 and the deterioration evaluat- 
ing device 21 are activated. The ECU 20 operates the di- 
rectional control valve 18 to move to the imaginary- line 
position in FIG. 2 with the non-illustrated motor. The 
branch passage 8 is shielded from the second exhaust pipe 
5b, and the branch passage 9 communicates with the second 
exhaust pipe 5b. The ECU 20 then starts the internal 
combustion engine 1 with the starter motor (not shown) to 
rotate the crankshaft (not shown) of the internal combus- 
tion engine 1. The ECU 20 controls the fuel injector 3 
to supply the fuel to the internal combustion engine 1, 
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and controls the igniter (not shown) to start operating 
the internal combustion engine 1. 

When the internal combustion engine 1 starts 
operating, it emits an exhaust gas that is discharged 
through the first exhaust pipe 5a , the catalytic con- 
verter 6, the second exhaust pipe 5b, the branch passage 
9, the bypass exhaust pipe 11 (including the HC adsorbent 
12), and the third exhaust pipe 5c into the atmosphere. 
At this time, while the exhaust gas is passing through 
the HC adsorbent 12 in the bypass exhaust pipe 11 , hydro- 
carbons (HCs) in the exhaust gas are adsorbed by the HC 
adsorbent 12. Therefore, even while the catalytic con- 
verter 6 is not sufficiently activated as when the inter- 
nal combustion engine 1 starts to operate at a low tem- 
perature, the HCs are prevented from being discharged 
into the atmosphere. At the same time, the HC adsorbent 
12 adsorbs moisture in the exhaust gas as well as the HCs 
in the exhaust gas. When the catalytic converter 6 is 
sufficiently activated by being heated by the exhaust 
gas, the directional control valve 18 is moved to the 
solid- line position in FIG. 2. Therefore, the exhaust 
gas emitted from the internal combustion engine 1 is nor- 
mally discharged through the exhaust passage 13 in the 
housing 10 into the atmosphere. HCs that are released 
from the HC adsorbent 12 after the HC adsorbent 12 is 
heated by the exhaust gas flow through the EGR passage 16 
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into the intake pipe 4, and then combusted in the inter- 
nal combustion engine 1 . 

The deterioration evaluating device 21 per- 
forms a process shown in FIGS. 6, 9, and 10 to determine 
the deteriorated state of the HC adsorbent 12. Prior to 
specifically describing the process of the deterioration 
evaluating device 21, a basic concept of the time- 
dependent transition of the output voltage VHR of the hu- 
midity sensor 23 after the internal combustion engine 1 
has started to operate and a process of evaluating the 
deteriorated state of the HC adsorbent 12 according to 
the present embodiment will first be described below. 

When the internal combustion engine 1 starts 
operating, it emits an exhaust gas that is supplied 
through the exhaust system downstream of the internal 
combustion engine 1 to the HC adsorbent 12 of the exhaust 
gas purifier 7. At this time, since the exhaust system 
downstream of the internal combustion engine 1 and the HC 
adsorbent 12 have their temperatures equal to or lower 
than the dew point of moisture in the exhaust gas, the 
relative humidity of the exhaust gas upstream of the HC 
adsorbent 12 is a substantially constant relatively high 
humidity (about 100 %). The relative humidity of the ex- 
haust gas upstream of the HC adsorbent 12 does not become 
high the instant the internal combustion engine 1 starts 
operating, but changes from a low humidity level to a 
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high humidity level with a slight time delay after the 
internal combustion engine 1 has started operating (see 
the two-dot-and-dash-line curve c in FIG. 5). This is 
because it takes a certain period of time for the exhaust 
gas (high- temperature exhaust gas) emitted from the in- 
ternal combustion engine 1 to reach a region upstream of 
the HC adsorbent 12, the relative humidity around the HC 
adsorbent 12 is relatively low as the HC adsorbent 12 has 
adsorbed moisture present therearound during the previous 
shutdown of the internal combustion engine 1, and the 
catalytic converter 6 disposed upstream of the HC adsorb- 
ent 7 absorbs moisture in the exhaust gas. 

When the exhaust gas emitted from the internal 
combustion engine 1 is supplied to the HC adsorbent after 
the internal combustion engine 1 has started to operate, 
moisture as well as HCs in the exhaust gas is adsorbed by 
the HC adsorbent 12 while the exhaust gas is passing 
through the HC adsorbent 12. Consequently, the relative 
humidity at the location of the humidity sensor 23 down- 
stream of the HC adsorbent 12 is relatively low immedi- 
ately after the internal combustion engine 1 has started 
to operate, and hence the output voltage VHR of the hu- 
midity sensor 23 is of a relatively high level. At this 
time, the output voltage VHR of the humidity sensor 23 
that is disposed downstream of the HC adsorbent 2 is sub- 
stantially constant as indicated by the solid- line curve 
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a in FIG. 5, i.e., the relative humidity of the exhaust 
gas at the location of the humidity sensor 23 is of a 
substantially constant low level, immediately after the 
internal combustion engine 1 has started operating, 
though the output voltage VHR suffers slight variations 
due to disturbances . 

As the adsorption of moisture by the HC ad- 
sorbent 12 progresses until it becomes saturated (the ad- 
sorption of HCs by the HC adsorbent 12 also becomes satu- 
rated) , the HC adsorbent 12 no longer adsorbs moisture. 
Thus, the relative humidity downstream of the HC adsorb- 
ent 12 increases toward a high relative humidity level 
inherent in the exhaust gas, i.e., the relative humidity 
of the exhaust gas upstream of the HC adsorbent 12. 
Therefore, the output voltage VHR of the humidity sensor 
23 changes to a tendency to decrease monotonously from 
the high voltage level toward a low voltage level which 
corresponds to the relative humidity inherent in the ex- 
haust gas as indicated by the solid- line curve a. 

As the HC adsorbent 12 is more deteriorated, 
the amounts of moisture and HCs that can be adsorbed by 
the HC adsorbent 12 are reduced. Therefore, the total 
amount of moisture that is carried by the exhaust gas to 
the HC adsorbent 12 after the internal combustion engine 
1 has started to operate up to the timing (changing tim- 
ing) at which the output voltage VHR of the humidity sen- 
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sor 23 changes from a high voltage level to the tendency 
to decrease monotonously, i.e., the integrated amount of 
moisture, is reduced as the HC adsorbent 12 is progres- 
sively deteriorated. Consequently, the integrated amount 
of moisture that is supplied to the HC adsorbent 12 from 
the start of operation of the internal combustion engine 
1 up to the changing timing depends on the deteriorated 
state (extent of deterioration) of the HC adsorbent 12. 

There is an essentially constant correlation 
between the amount of fuel supplied to the internal com- 
bustion engine 1 (the amount of injected fuel) and the 
amount of moisture contained in the exhaust gas that is 
emitted when the mixture of the fuel and air is com- 
busted. The integrated amount of moisture that is car- 
ried by the exhaust gas to the HC adsorbent 12 after the 
internal combustion engine 1 has started to operate is 
substantially proportional to an integrated value of a 
fuel injection quantity command value Tout that is gener- 
ated by the ECU 20 at a timing synchronous with a so- 
called TDC signal, i.e., a timing synchronous with the 
rotational speed NE of the internal combustion engine 1 . 
Therefore, an integrated value (accumulative sum) of the 
fuel injection quantity command value Tout that is se- 
quentially calculated from the start of operation of the 
internal combustion engine 1 represents integrated mois- 
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ture quantity data indicative of an integrated amount of 
moisture supplied to the HC adsorbent 12. 

According to the present embodiment, basi- 
cally, the deterioration evaluating device 21 sequen- 
tially accumulatively adds the fuel injection quantity 
command value Tout supplied from the ECU 20 after the in- 
ternal combustion engine 1 has started to operate, 
thereby sequentially determining an integrated value 
(hereinafter referred to as "integrated fuel injection 
quantity ZTout" ) of the fuel injection quantity command 
value Tout as the integrated moisture quantity data. 
Concurrently, the deterioration evaluating device 21 de- 
tects a changing timing at which the output voltage VHR 
of the humidity sensor 23 changes from a high voltage 
level to the tendency to decrease monotonously toward a 
low voltage level, i.e. , a timing at which at which the 
adsorption of moisture by the HC adsorbent 12 is satu- 
rated. At this time, in view of fluctuations of the out- 
put voltage VHR of the humidity sensor 23 due to distur- 
bances prior to the changing timing, the deterioration 
evaluating device 21 sequentially retrieves states in 
which the output voltage VHR of the humidity sensor 2 3 
takes a maximum value, i.e., states in which the relative 
humidity represented by the output voltage VHR takes a 
minimum value, after the internal combustion engine 1 has 
started to operate, and detects a time (time t2 in FIG. 
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5) when the output voltage VHR of the humidity sensor 23 
falls a preset value AVhr after it has taken a final 
maximum value, as the changing timing. Then, the dete- 
rioration evaluating device 21 acquires the integrated 
fuel injection quantity 2Tout (Qr in FIG. 5) at the 
changing timing as a deterioration evaluating parameter 
Qr, and compares the deterioration evaluating parameter 
Qr with a predetermined threshold to evaluate a deterio- 
rated state of the DC adsorbent 12. The deterioration 
evaluating parameter Qr thus obtained basically depends 
on the total amount of moisture that is adsorbed by the 
HC adsorbent 12 after the internal combustion engine 1 
has started to operate. Therefore, as the HC adsorbent 
12 is more deteriorated, the deterioration evaluating pa- 
rameter Qr is smaller. 

In the present embodiment , the integrated fuel 
injection quantity 2Tout is used as the integrated mois- 
ture quantity data. However, the integrated moisture 
quantity data is not limited to the integrated fuel in- 
jection quantity 2Tout, but may be represented by other 
values. For example, an integrated value of a detected 
or estimated amount of intake air drawn after the inter- 
nal combustion engine 1 has started to operate may be 
used as the integrated moisture quantity data. While the 
internal combustion engine 1 is idling, a period of time 
that has elapsed from the time the internal combustion 
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engine 1 has started to operate may be used as the inte- 
grated moisture quantity data. 

The above transition of the output voltage VHR 
of the humidity sensor 23 is also affected by character- 
istic changes of the humidity sensor 2 3 due to aging 
thereof. The solid-line curve a in FIG. 5 represents the 
characteristics of the humidity sensor 23 when it is 
brand-new. When the humidity sensor 23 suffers charac- 
teristic changes due to deterioration thereof, the output 
voltage VHR of the humidity sensor 23 undergoes transi- 
tional changes as indicated by the broken- line curve b in 
FIG. 5 after the internal combustion engine 1 has started 
to operate. Specifically, when the humidity sensor 23 
suffers characteristic changes due to deterioration 
thereof, the rate at which the output voltage VHR of the 
humidity sensor 23 decreases from a high voltage level 
toward a low voltage level, i.e., the gradient of the 
broken -line curve b, is smaller than when the humidity 
sensor 23 is brand-new, and hence the output voltage VHR 
decreases more gradually. 

The output voltage VHR of the humidity sensor 
23 at the time the relative humidity of the exhaust gas 
at the location of the humidity sensor 23 finally reaches 
a high relative humidity level (about 100 %) after the 
adsorption of moisture by the HC adsorbent 12 is satu- 
rated, e.g., the output voltage VHR at a time t3, is 
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shifted toward a higher level as the HC adsorbent 12 is 
more deteriorated, i.e., the output voltage VHR suffers 
an offset. The output voltage VHR also suffers slight 
variations among different individual units of the humid- 
ity sensor 23 even if they are deteriorated to the same 
extent. For example, the output voltage VHR generated 
when the relative humidity of the exhaust gas at the lo- 
cation of the humidity sensor 23 reaches a substantially 
constant high relative humidity level (see VHR/INI in 
FIG. 5) after the adsorption of moisture by the HC ad- 
sorbent 12 is saturated, suffers slight variations among 
different individual units of the humidity sensor 23 due 
to variations of the circuit characteristics of those 
different individual units of the humidity sensor 23 even 
if they are brand-new. 

In the process of evaluating the deteriorated 
state of the HC adsorbent 12 according to the present em- 
bodiment, the above characteristic changes of the humid- 
ity sensor 23 and variations of the characteristics of 
different individual units of the humidity sensor 23 are 
compensated for. 

Based on the concept described above, the 
process that is performed by the deterioration evaluating 
device 21 will be described below. The deterioration 
evaluating device 21 carries out an operation sequence 
shown in FIG. 6 after it has been activated. The opera- 
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tion sequence shown in FIG. 6 is performed only when the 
internal combustion engine 1 starts to operate. Accord- 
ing to the operation sequence shown in FIG. 6, the dete- 
rioration evaluating device 21 determines the value of a 
flag F/HCPG in STEP1 . The flag F/HCPG is "1" if the re- 
lease of HCs adsorbed by the HC adsorbent 12 in a preced- 
ing operation of the internal combustion engine 1 is com- 
pleted, and "0" if not completed. 

The flag F/HCPG is set by the ECU 20 while the 
internal combustion engine 1 is in operation. When the 
temperature of the HC adsorbent 12 is equal to or higher 
than a temperature at which HCs adsorbed by the HC ad- 
sorbent 12 are released, the ECU 20 determines an inte- 
grated value of the amount of gas that has flowed through 
the EGR passage 14 when the on/off valve 16 in the EGR 
passage 14 is open. If the determined integrated value 
becomes equal to or higher than a predetermined value, 
then the ECU 20 judges that the release of HCs adsorbed 
by the HC adsorbent 12 is completed (at this time, the 
release of moisture adsorbed by the HC adsorbent 12 is 
also completed) . The ECU 20 thus sets the flag F/HCPG to 
"1" . If the determined integrated value is lower than 
the predetermined value, then the ECU 20 sets the flag 
F/HCPG to "0". The flag F/HCPG is stored in a nonvola- 
tile memory such as an EEPROM or the like (not shown) or 
a memory which is energized at all times when the inter - 
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nal combustion engine 1 is shut off, so that the flag 
F/HCPG will not be lost when the internal combustion en- 
gine 1 is not operating. 

If F/HCPG = 0 in STEP1, then since the release 
of HCs and moisture from the HC adsorbent 12 is not com- 
pleted in the preceding operation of the internal combus- 
tion engine 1, i.e., the HC adsorbent 12 has already ad- 
sorbed moisture in the present operation of the internal 
combustion engine 1, the deterioration evaluating device 
21 sets a flag F/MCND to "0" in STEP12 , and puts the op- 
eration sequence shown in FIG. 6 to an end. If the flag 
F/MCND is set to "0", then it means that the apparatus is 
in a state not suitable for evaluating the deteriorated 
state of the HC adsorbent 12 or the present process of 
evaluating the deteriorated state of the HC adsorbent 12 
has already been finished. If the flag F/MCND is set to 
"1" , then it means that the apparatus is in a state to 
evaluate a deteriorated state of the HC adsorbent 12. 

If F/HCPG = 1 in STEP1, then the deterioration 
evaluating device 21 acquires from the ECU 20 detected 
data representative of the present engine temperature TW 
(hereinafter referred to as "initial engine temperature 
TW n ) of the internal combustion engine 1 as data repre- 
sentative of the temperature of the HC adsorbent 12 at 
the start of operation of the internal combustion engine 
1 in STEP2. If the apparatus has a temperature sensor 
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for detecting the temperature of the HC adsorbent 12 or a 
nearby region, then the above data may be detected from 
the temperature sensor. 

Thereafter, the deterioration evaluating de- 
vice 21 determines whether the engine temperature TW is 
in a predetermined range (TWL < TW < THW) or not in STEP3 . 
If the engine temperature TW is not in the predetermined 
range, then the deterioration evaluating device 21 judges 
that the apparatus is not in a state capable of ade- 
quately evaluating the deteriorated state of the HC ad- 
sorbent 12, and sets the flag F/MCND to "0" in STEP12 and 
then puts the operation sequence shown in FIG. 6 to an 
end. This is because the deteriorated state of the HC 
adsorbent 12 cannot adequately be evaluated if the tem- 
perature of the HC adsorbent 12 is excessively low (e.g., 
0° C or lower) or if the temperature of the HC adsorbent 
12 is excessively high (e.g., 50° C or higher). 

If the engine temperature TW is in the prede- 
termined range in STEP3, then the deterioration evaluat- 
ing device 21 determines whether soaking prior to the 
start of the present operation of the internal combustion 
engine 1 has been completed or not in STEP4 . When soak- 
ing is completed, the temperature of the internal combus- 
tion engine 1 and its exhaust system (the exhaust gas pu- 
rifier 7, etc.) has dropped to a temperature (steady tem- 
perature) as which is about the same as the atmospheric 
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temperature after the internal combustion engine 1 has 
stopped operating. In STEP4, the completion of soaking 
is determined based on the period of time that has 
elapsed after the internal combustion engine 1 has 
stopped operating. If the period of time that has 
elapsed after the internal combustion engine 1 has 
stopped operating is four hours or more, then the dete- 
rioration evaluating device 21 judges that soaking has 
been completed. If the apparatus has an atmospheric tem- 
perature sensor, then the completion of soaking may be 
determined in STEP4 based on whether the detected engine 
temperature TW has substantially converged to the atmos- 
pheric temperature detected by the atmospheric tempera- 
ture sensor. 

If the answer to STEP 4 is NO, i.e., if it is 
judged that soaking is not completed in STEP4, then the 
deterioration evaluating device 21 judges that the appa- 
ratus is not in a state capable of adequately evaluating 
the deteriorated state of the HC adsorbent 12, and sets 
the flag F/MCND to "0" in STEP12 and then puts the opera- 
tion sequence shown in FIG. 6 to an end. This is because 
when soaking is not completed, the humidity (relative hu- 
midity) in the vicinity of the HC adsorbent 12 and the 
ability of the HC adsorbent 12 to adsorb moisture tend to 
be stable due to the remaining heat of the internal com- 
bustion engine 1 and the HC adsorbent 12. 
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If the answer to STEP 4 is YES, i.e., if it is 
judged that soaking is completed in STEP4 , then since ba- 
sic requirements for carrying out the process of evaluat- 
ing the deteriorated state of the HC adsorbent 12 have 
been satisfied, the deterioration evaluating device 21 
sets the flag F/MCND to "1" in STEP5 . Thereafter, the 
deterioration evaluating device 21 acquires present data 
of the output voltage VHR of the humidity sensor 23 from 
the humidity sensor 23, and also acquires data of the re- 
sistance LBR of the label resistive element 26 through 
the resistance detecting circuit 27 in STEP6 . 

The deterioration evaluating device 21 sets 
the present value of the output voltage VHR of the humid- 
ity sensor 23 acquired in STEP6 as an initial value of a 
parameter VHR/MAX (hereinafter referred to as "maximum 
output parameter VHR/MAX" ) representative of the latest 
value of a maximum value of the output voltage VHR of the 
humidity sensor 23 and a parameter VHR /PRE (hereinafter 
referred to as "preceding output parameter VHR /PRE" ) rep- 
resentative of a preceding value of the output voltage 
VHR, i.e., a preceding value in each cycle time of an op- 
eration sequence shown in FIGS. 9 and 10 to be described 
later on, in STEP7 . Inasmuch as the output voltage VHR 
of the humidity sensor 23 has a negative humidity coeffi- 
cient (see FIG. 3), i.e., it decreases as the relative 
humidity of the exhaust gas increases , the maximum value 
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of the output voltage VHR of the humidity sensor 23 cor- 
responds to the minimum value of the relative humidity 
detected by the humidity sensor 23, i.e., the humidity 
recognized from the output voltage VHR based on the char- 
acteristics shown in FIG. 3. 

Then, the deterioration evaluating device 21 
sets the value of a parameter VHR/ INI for compensating 
for characteristic variations of individual units of the 
humidity sensor 23 in the process, to be described later 
on, for evaluating the deterioration of the HC adsorbent 
12, from the detected data of the resistance LBR of the 
label resistive element 26 that has been acquired in 
STEP6, in STEP8 . As shown in FIG. 5, the parameter 
VHR/ INI signifies the output voltage VHR of the humidity 
sensor 23 when the relative humidity at the location of 
the humidity sensor 23 is a substantially constant high 
humidity (about 100 %) after the internal combustion en- 
gine 1 has started to operate if the humidity sensor 23 
is brand-new. As described above, the parameter VHR/ INI 
suffers slight variations among different individual 
units of the humidity sensor 23 due to variations of the 
circuit characteristics of those individual units of the 
humidity sensor 23. According to the present embodiment, 
the value of the parameter VHR/ INI is used as a basic in- 
dicator of the characteristics of individual units of the 
humidity sensor 23, and variations of the characteristics 
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of those individual units of the humidity sensor 23 are 
compensated for using the value of the parameter VHR/INI. 
In STEP8, the value of the parameter VHR/INI (hereinafter 
referred to as "individual sensor characteristic parame- 
ter VHR/INI") is determined from the detected data of the 
resistance LBR of the label resistive element 26 based on 
a predetermined data table. 

Then, the deterioration evaluating device 21 
sets the preset value AVhr, i.e., a threshold with re- 
spect to a change from the maximum value of the output 
voltage VHR of the humidity sensor 23, for detecting the 
changing timing, depending on the value of the parameter 
VHR /OFF that has been acquired in a past operation of the 
internal combustion engine 1 (usually the preceding op- 
eration thereof) as representing a characteristic change 
of the humidity sensor 23, i.e., a characteristic change 
due to a deterioration from the brand-new state of the 
humidity sensor 23, in STEP9. As shown in FIG. 5, the 
parameter VHR /OFF signifies a change (offset), from the 
individual sensor characteristic parameter VHR/INI (the 
output voltage in the brand-new state of the humidity 
sensor 23), of the output voltage VHR of the humidity 
sensor 23 when the relative humidity at the location of 
the humidity sensor 23 is a substantially constant high 
humidity after the internal combustion engine 1 has 
started to operate, and increases as the HC adsorbent 12 
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is more deteriorated. According the present embodiment, 
therefore, the parameter VHR/OFF is used as characteris- 
tic change detecting data representative of a character- 
istic change (extent of deterioration) due to a deterio- 
ration of the humidity sensor 23. The parameter VHR/OFF 
is determined in the process while the internal combus- 
tion engine 1 is in operation as described later on. The 
parameter VHR/OFF that is used to set the changing timing 
detecting preset value AVhr in STEP9 when the internal 
combustion engine 1 starts to operate is the latest one 
of values that have been determined while the internal 
combustion engine 1 has operated in the past. 

When the output voltage VHR of the humidity 
sensor 23 changes from a high voltage level to a low 
voltage level after the internal combustion engine 1 has 
started to operate, the extent to which the output volt- 
age VHR decreases becomes smaller (the gradient of the 
output voltage VHR as it decreases becomes smaller) as 
the humidity sensor 23 is progressively deteriorated. If 
the preset value AVhr is a constant value, then as the 
humidity sensor 23 is progressively deteriorated, the 
time for detecting the changing timing depending on the 
saturation of the adsorption of moisture by the HC ad- 
sorbent 12 is more delayed. In STEP9, therefore, the de- 
terioration evaluating device 21 sets the preset value 
AVhr (hereinafter referred to as "changing timing detect- 
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ing preset value AVhr") depending on the parameter 
VHR/OFF (hereinafter referred to as "sensor deterioration 
parameter VHR/OFF") according to a predetermined data ta- 
ble shown in FIG. 7. FIG. 7 shows that as the sensor de- 
terioration parameter VHR/OFF is greater, the humidity 
sensor 23 is deteriorated to a greater extent. There- 
fore, the changing timing detecting preset value AVhr is 
basically set to a smaller value as the value of the sen- 
sor deterioration parameter VHR/OFF is greater. 

Then, the deterioration evaluating device 21 
determines a deterioration evaluating threshold TRSDT 
with which to determine whether the HC adsorbent 12 is in 
the deterioration-in-progress state or the non- 
deteriorated state from the detected data of the initial 
engine temperature TW acquired in STEP2 according to a 
predetermined data table shown in FIG. 8 in STEP10. The 
deterioration evaluating threshold TRSDT corresponds to a 
maximum amount of moisture that can be adsorbed by the HC 
adsorbent 12 when the HC adsorbent 12 is deteriorated to 
a boundary between the non-deteriorated state and the de- 
terioration-in-progress state. The lower the temperature 
of the HC adsorbent 12, the greater the maximum amounts 
of moisture and HCs that can be adsorbed by the HC ad- 
sorbent 12. Therefore, according to the data table shown 
in FIG. 8, the deterioration evaluating threshold TRSDT 
is experimentally determined such that it is basically 
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greater as the initial engine temperature TW of the in- 
ternal combustion engine 1 is lower, i.e., as the tem- 
perature of the HC adsorbent 12 at the time the internal 
combustion engine 1 starts to operate is lower. In the 
present embodiment, as described above, the integrated 
fuel injection quantity ZTout from the time the internal 
combustion engine 1 starts to operate to the changing 
timing is used as the deterioration evaluating parameter 
Qr for evaluating the deteriorated state of the HC ad- 
sorbent 12. The deterioration evaluating threshold TRSDT 
is thus a threshold with respect to the integrated fuel 
injection quantity Qr = 2Tout at the changing timing. 

Then, the deterioration evaluating device 21 
initializes, to "0", a timer TM (count-up timer) which 
measures a time that has elapsed from the start of opera- 
tion of the internal combustion engine 1 (hereinafter re- 
ferred to as "engine operation elapsed time"), and also 
initializes a flag F/HRWET to "0" in STEP11. Thereafter, 
the operation sequence shown in FIG. 6 is ended. The 
flag F/HRWET is "1" when the output voltage VHR of the 
humidity sensor 23 changes from a high voltage level to a 
low voltage level after the internal combustion engine 1 
has started to operate, and "0" when the output voltage 
VHR of the humidity sensor 23 does not change from a high 
voltage level to a low voltage level. 
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After having carried out the operation se- 
quence shown in FIG. 6 when the internal combustion en- 
gine 1 starts to operate, the deterioration evaluating 
device 21 carries out an operation sequence shown in 
FIGS. 9 and 10 in a given cycle time to evaluate the de- 
teriorated state of the HC adsorbent 12. 

In the operation sequence shown in FIGS. 9 and 
10 (hereinafter referred to as "deterioration evaluating 
process"), the deterioration evaluating device 21 deter- 
mines the value of the flag F/MCND set as described above 
when the internal combustion engine 1 starts to operate 
in STEP21 shown in FIG. 9. If F/MCND = 0, then since the 
apparatus is in a state not suitable for evaluating the 
deteriorated state of the HC adsorbent 12 or the present 
process of evaluating the deteriorated state of the HC 
adsorbent 12 has already been finished, the deterioration 
evaluating device 21 puts the deterioration evaluating 
process shown in FIGS. 9 and 10 to an end. 

If F/MCND = 1 in STEP21, then the deteriora- 
tion evaluating device 21 increments the value of the 
timer M, which has been initialized to "0" in the process 
shown in FIG. 6 when the internal combustion engine 1 
starts to operate, for measuring the engine operation 
elapsed time, by a predetermined value ATM (fixed value) 
in STEP22, and then determines the value of the flag 
F/HRWET in STEP23 . Inasmuch as the value of the flag 
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F/HRWET is initialized at this time in the process shown 
in FIG. 6 when the internal combustion engine 1 starts to 
operate, F/HRWET = 0 immediately after the internal com- 
bustion engine 1 has started to operate. Because the 
value of the timer TM represents the engine operation 
elapsed time, the engine operation elapsed time will 
hereinafter be denoted by TM. 

If F/HRWET = 0 in STEP23 , then the deteriora- 
tion evaluating device 21 acquires present detected data 
of the output voltage VHR of the humidity sensor 23 from 
the humidity sensor 23 , and also acquires the present 
fuel injection quantity command value Tout from the ECU 

20 in STEP24. Then, the deterioration evaluating device 

21 calculates the integrated fuel injection quantity 
2Tout which represents an integrated value (accumulative 
sum) of the fuel injection quantity command value Tout in 
STEP25. The deterioration evaluating device 21 calcu- 
lates the integrated fuel injection quantity ZTout each 
time STEP25 is executed by adding the fuel injection 
quantity command value Tout acquired in STEP24 to the 
present value of the integrated fuel injection quantity 
ZTout . 

Then, the deterioration evaluating device 21 
compares the present output voltage VHR of the humidity 
sensor 23 acquired in STEP24 with the present value of 
the preceding output parameter VHR /PRE in STEP26. If VHR 
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> VHR/PRE, then the deterioration evaluating device 21 
updates the value of the maximum output parameter VHR/MAX 
into the present value of the output voltage VHR of the 
humidity sensor 23 in STEP27 , and also updates the value 
of the preceding output parameter VHR/PRE into the pre- 
sent value of the output voltage VHR in STEP28 . If VHR < 
VHR/PRE in STEP26, then the deterioration evaluating de- 
vice 21 does not update the value of the maximum output 
parameter VHR/MAX in STEP27 , but updates the value of the 
preceding output parameter VHR/PRE in STEP28. In the 
processing of STEP26 - STEP28 , maximum values of the out- 
put voltage VHR of the humidity sensor 23, i.e., minimum 
values taken by the relative humidity represented by the 
output voltage VHR, are sequentially retrieved after the 
internal combustion engine 1 has started to operate. 

Then, the deterioration evaluating device 21 
compares the present value of the output voltage VHR of 
the humidity sensor 23 with a value (VHR/MAX - AVhr) 
which is produced by subtracting the changing timing de- 
tecting preset value AVhr set in the process shown in 
FIG. 6 from the present value of the maximum output pa- 
rameter VHR/MAX (the latest value of VHR/MAX) in STEP29. 
If VHR > VHR/MAX - AVhr, i.e., if the present output 
voltage VHR of the humidity sensor 23 is not smaller than 
the latest maximum output parameter VHR/MAX by AVhr, then 
the timing of the present cycle time has not yet reached 
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the changing timing. In this case, the deterioration 
evaluating device 21 puts the deterioration evaluating* 
process in the present cycle time to an end. 

If VHR < VHR/MAX - AVhr in STEP29, then the 
present output voltage VHR of the humidity sensor 23 is 
smaller than the latest maximum output parameter VHR/MAX 
by AVhr or greater. In this case, the deterioration 
evaluating device 21 judges that the timing of the pre- 
sent cycle time (time t2 in FIG. 5) is the changing tim- 
ing, and holds the present integrated fuel injection 
quantity 2Tout as the deterioration evaluating parameter 
Qr for evaluating the deteriorated state of the HC ad- 
sorbent 12 in STEP30. Since the output voltage VHR of 
the humidity sensor 23 has changed from a high voltage 
level to a low voltage level, the deterioration evaluat- 
ing device 21 sets the flag F/HRWET to "1" in STEP33, and 
ends the deterioration evaluating process in the present 
cycle time. 

After the changing timing of the output volt- 
age VHR of the humidity sensor 23 is detected and the de- 
terioration evaluating parameter Qr is obtained as de- 
scribed above, the answer to STEP23 with respect to the 
value of the flag F/HRWET becomes NO. Then, as shown in 
FIG. 10, the deterioration evaluating device 21 deter- 
mines whether the engine operation elapsed time TM has 
reached a predetermined value TMSH or not in STEP32. 
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STEP32 serves to determine whether the output voltage VHR 
of the humidity sensor 23 has converged to a substan- 
tially constant low voltage level after the changing tim- 
ing or not. Thus, as shown in FIG. 5, the predetermined 
value TMSH is determined in advance such that when the 
engine operation elapsed time TM has reached the prede- 
termined value TMSH, the output voltage VHR of the humid- 
ity sensor 23 converges to a substantially constant low 
voltage level regardless of the deteriorated state of the 
humidity sensor 23. If the answer to STEP32 is NO, then 
since the output voltage VHR of the humidity sensor 23 is 
possibly still on the decrease, the deterioration evalu- 
ating device 21 finishes the deterioration evaluating 
process in the present cycle time. In the present em- 
bodiment, the deterioration evaluating device 21 compares 
the engine operation elapsed time TM with the predeter- 
mined value TMSM to determine whether the output voltage 
VHR of the humidity sensor 23 has converged to a substan- 
tially constant low voltage level subsequent to the 
changing timing. However, the deterioration evaluating 
device 21 may compare the integrated fuel injection quan- 
tity 2Tout as the integrated moisture quantity data with 
a predetermined value to determine whether the output 
voltage VHR of the humidity sensor 23 has converged to a 
substantially constant low voltage level subsequent to 
the changing timing. 
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If TM > TMSH in STEP32, then the deterioration 
evaluating device 21 acquires the present data of the 
output voltage VHR of the humidity sensor 23 in STEP33 . 
Thereafter, the deterioration evaluating device 21 stores 
the present value of the sensor deterioration parameter 
VHR /OFF , i.e., the value of VHR/OFF that has been used to 
set the changing timing detecting preset value AVhr in 
the process shown in FIG. 6 at the start of the present 
operation of the internal combustion engine 1 , as the 
value of a parameter A in STEP34. Then, the deteriora- 
tion evaluating device 21 determines, as a new value of 
the sensor deterioration parameter VHR/OFF , a value that 
is produced by subtracting the individual sensor charac- 
teristic parameter VHR/ INI determined depending on the 
resistance LBR of the label resistive element 26, i.e., 
depending on the characteristics of the individual unit 
of the humidity sensor 23, in the process shown in FIG. 6 
when the internal combustion engine 1 has started to op- 
erate, from the present value of the output voltage VHR 
of the humidity sensor 23 (acquired in STEP33), in 
STEP35. Since the sensor deterioration parameter VHR/OFF 
thus determined represents an offset of the output volt- 
age VHR of the humidity sensor 23, i.e., an offset due to 
a deterioration of the humidity sensor 23, from the indi- 
vidual characteristic parameter VHR/ INI of the humidity 
sensor 23, the sensor deterioration parameter VHR/OFF in- 
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dicates the present deteriorated state (characteristic 
change state) of the humidity sensor 23 independent of 
characteristic variations of individual units of the hu- 
midity sensor 23. The value of the sensor deterioration 
parameter VHR/OFF is stored in a nonvolatile memory such 
as an EEPROM or the like or a memory which is energized 
at all times, so that the sensor deterioration parameter 
VHR/OFF will not be lost when the internal combustion en- 
gine 1 is shut off. 

Then, the deterioration evaluating device 21 
determines whether the absolute value | VHR/OFF - A| of 
the difference between the newly determined sensor dete- 
rioration parameter VHR/OFF and the preceding value of 
the sensor deterioration parameter which has previously 
been stored as the value of the parameter A is smaller 
than a predetermined value e or not in STEP36. The pre- 
determined value e is determined in advance as a suffi- 
ciently small positive value. If the answer to STEP36 is 
NO, then it means that the value of VHR/OFF used to set 
the changing timing detecting preset value AVhr in the 
process shown in FIG. 6 when the internal combustion en- 
gine 1 starts to operate has a relatively large error 
with respect to the value of the newly determined sensor 
deterioration parameter VHR/OFF, which represents the 
present extent of deterioration of the humidity sensor 
23. Consequently, if the answer to STEP36 is NO, then 
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the changing timing detecting preset value AVhr used in 
STEP29 in the present operation of the internal combus- 
tion engine 1 may possibly not correspond to the present 
deteriorated state of the humidity sensor 23. In this 
case, the deterioration evaluating device 21 does not es- 
sentially evaluate the deteriorated state of the humidity 
sensor 23 based on the deterioration evaluating parameter 
Qr, which has been determined in STEP30 in the present 
operation of the internal combustion engine 1, but resets 
the flag F/MCND to "0" in STEP41. Thereafter, the dete- 
rioration evaluating process in the present cycle time is 
put to an end. In this case, therefore, the deteriora- 
tion evaluating process in the present operation of the 
internal combustion engine 1 is virtually interrupted. 

If the answer to STEP36 is YES, then the dete- 
rioration evaluating device 21 determines whether the HC 
adsorbent 12 is in the deterioration-in-progress state or 
the non-deteriorated state, i.e., virtually evaluates the 
deteriorated state of the HC adsorbent 12, based on the 
deterioration evaluating parameter Qr that is determined 
in STEP30, in STEP37 - STEP40. Specifically, the dete- 
rioration evaluating device 21 compares the value of the 
deterioration evaluating parameter Qr that is determined 
in STEP30 with the deterioration evaluating threshold 
TRSDT that is set in the process shown in FIG. 6 when the 
internal combustion engine 1 starts to operate in STEP37. 
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If Qr > TRSDT, then the deterioration evaluating device 
21 sets a flag F/TRS to "0" (the non-deteriorated state) 
in STEP38 . The flag F/TRS is "0" if the HC adsorbent 12 
is in the non-deteriorated state, and "1" if the HC ad- 
sorbent 12 is in the deterioration-in-progress state. If 
Qr < TRSDT, then deterioration evaluating device 21 sets 
the flag F/TRS to "1" as the HC adsorbent 12 is in the 
deterioration-in-progress state in STEP39. Then, the de- 
terioration evaluating device 21 controls the deteriora- 
tion indicator 22 to indicate that the catalytic con- 
verter 3 is in the deterioration-in-progress state in 
STEP40 • After having thus determined the deteriorated 
state of the HC adsorbent 12, the deterioration evaluat- 
ing device 21 sets the flag F/MCND to "0" in STEP41 , and 
then ends the deterioration evaluating process. 

In the above embodiment, the changing timing 
detecting preset value AVhr is set depending on the sen- 
sor deterioration parameter VHR/OFF which is representa- 
tive of a characteristic change due to a deterioration of 
the humidity sensor 23. The reference value VHR/INI 
serving as a reference for the sensor deterioration pa- 
rameter VHR/OFF is set depending on the resistance LBR of 
the label resistive element 26 that represents the char- 
acteristics of the individual unit of the humidity sensor 
23. Therefore, the changing timing detected using the 
changing timing detecting preset value AVhr depends on 
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the deteriorated state of the HC adsorbent 12 regardless 
of a characteristic change due to a deterioration of the 
humidity sensor 23 and characteristic variations of indi- 
vidual humidity sensors 23. Consequently, the deteriora- 
tion evaluating parameter Qr that is obtained as the in- 
tegrated fuel injection quantity ZTout at the changing 
timing is highly reliable as representing the deterio- 
rated state of the HC adsorbent 12, more accurately, an 
amount of moisture that can be adsorbed by the HC adsorb- 
ent 12. Therefore, it is possible to adequately evaluate 
the deteriorated state of the HC adsorbent 12 based on 
the deterioration evaluating parameter Qr while compen- 
sating for characteristic changes of the humidity sensor 
23 due to a deterioration thereof and for characteristic 
variations among individual sensors 23. Since character- 
istic changes of the humidity sensor 23 and characteris- 
tic variations among individual sensors 23 can be compen- 
sated for, requirements for the steadiness of the charac- 
teristics of individual sensors 23 and the uniformity of 
the characteristics of individual sensors 23 are made 
less stringent. Consequently, the cost required to de- 
velop the humidity sensor 23 and the cost required to 
manufacture the humidity sensor 23 are reduced. 

An apparatus for evaluating the deteriorated 
state of a hydrocarbon adsorbent according to a second 
embodiment of the present invention will be described be- 
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low with reference to FIGS. 11 through 13. The apparatus 
according to the second embodiment differs from the appa- 
ratus according to the first embodiment as to some de- 
tails only. Those parts of the first embodiment which 
are structurally or functionally identical to those of 
the first embodiment are denoted by identical reference 
characters in identical figures, and will not be de- 
scribed in detail below. 

As shown in FIG. 1, the apparatus according to 
the second embodiment has a humidity sensor 24 disposed 
upstream of the HC adsorbent 12 of the exhaust gas puri- 
fier 7, in addition to the humidity sensor 23 disposed 
downstream of the HC adsorbent 12. The humidity sensor 
24 produces an output voltage VHF, i.e., an output volt- 
age depending on the relative humidity upstream of the HC 
adsorbent 12, that is given together with the output 
voltage VHR of the downstream humidity sensor 23 to the 
deterioration evaluating device 21. The upstream humid- 
ity sensor 24 is mounted on the branch passage 9 as shown 
in FIG. 2, for example, for detecting the relative humid- 
ity upstream of the HC adsorbent 12 in the vicinity of 
the HC adsorbent 12. The humidity sensor 24 is of the 
same type as the humidity sensor 23, and has the same 
output characteristics as the humidity sensor 23 or a 
negative humidity coefficient, i.e., it decreases as the 
humidity (relative humidity) of the exhaust gas in- 
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creases. In FIG. 3, the output voltages VHR, VHF of the 
humidity sensors 23, 24 are shown as having the same 
characteristics with respect to the relative humidity. 
However, the output characteristics of the humidity sen- 
sors 23, 24 are not required to be completely identical 
to each other. 

As with the downstream humidity sensor 23, the 
upstream humidity sensor 24 according to the second em- 
bodiment is electrically connected to the deterioration 
evaluating device 21 by two connectors 25a, 25b, as shown 
in FIG. 4. The connector 25a closer to the upstream hu- 
midity sensor 24 has a label resistive element 26 having 
a resistance depending on the characteristics actually 
measured for each individual humidity sensor 23. With 
the upstream humidity sensor 24 electrically connected to 
the deterioration evaluating device 21, the deterioration 
evaluating device 21 detects the resistance of the label 
resistive element 26 which is related to the inherent 
characteristics of the upstream humidity sensor 24, and 
recognizes the characteristics of the upstream humidity 
sensor 24, which specifically correspond to the individ- 
ual sensor characteristic parameter VHR/ INI with respect 
to the downstream humidity sensor 23, based on the de- 
tected resistance. Other details of the apparatus ac- 
cording to the second embodiment are identical to those 
of the apparatus according to the first embodiment. In 
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the second embodiment, the deterioration evaluating de- 
vice 21 functions as the upstream changing timing detect- 
ing means, the downstream changing timing detecting 
means, the characteristic change detecting means, and the 
characteristic change compensating means according to the 
second aspect of the present invention. 

A summary of a process of evaluating the dete- 
riorated state of the HC adsorbent 12 in the second em- 
bodiment will first be described below with reference to 
FIG. 5. As described above with respect to the first em- 
bodiment, the relative humidity of the exhaust gas up- 
stream of the HC adsorbent 12, i.e., the relative humid- 
ity near the inlet of the bypass exhaust pipe 11 which 
houses the HC adsorbent 12 therein, after the internal 
combustion engine 1 has started operating does not become 
high the instant the internal combustion engine 1 starts 
operating, but changes from a low humidity level to a 
high humidity level with a slight time delay after the 
internal combustion engine 1 has started operating. 
Therefore, the output voltage VHF of the upstream humid- 
ity sensor 2 4 changes from a high voltage lever to a low 
voltage level with a slight time delay from the start of 
operation of the internal combustion engine 1, as indi- 
cated by the imaginary- line curve c in FIG. 5. The 
changing timing at which the relative humidity upstream 
of the HC adsorbent 12, i.e., the relative humidity de- 
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tected by the upstream humidity sensor 24, changes from a 
low humidity to a high humidity, or the changing timing 
(time tl in FIG. 5) at which the output voltage VHF of 
the upstream humidity sensor 24 changes from a high volt- 
age level to a low voltage level, may vary due to the ab- 
sorption of moisture by the catalytic converter 6 . If 
the changing timing of the relative humidity upstream of 
the HC adsorbent 12 becomes earlier, then the timing at 
which the exhaust gas containing much moisture starts be- 
ing supplied to the HC adsorbent 12, i.e., the timing at 
which the HC adsorbent 12 starts adsorbing moisture, be- 
comes earlier. Therefore, the saturation of the adsorp- 
tion of moisture by the HC adsorbent 12 also becomes ear- 
lier, and hence the changing timing of the relative hu- 
midity downstream of the HC adsorbent 12 or the changing 
timing of the output voltage VHR of the downstream humid- 
ity sensor 23 becomes earlier. Conversely, if the chang- 
ing timing of the relative humidity upstream of the HC 
adsorbent 12 becomes later, the changing timing of the 
relative humidity downstream of the HC adsorbent 12 or 
the changing timing of the output voltage VHR of the 
downstream humidity sensor 23 becomes later. 

If the changing timing of the relative humid- 
ity upstream of the HC adsorbent 12 varies as described 
above, then it is preferable to recognize an integrated 
amount of moisture that is carried by the exhaust gas to 
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the HC adsorbent 12 from the changing timing of the rela- 
tive humidity upstream of the HC adsorbent 12 to the 
changing timing of the relative humidity downstream of 
the HC adsorbent 12 for recognizing the total amount of 
moisture adsorbed by the HC adsorbent 12 after the inter- 
nal combustion engine 1 has started to operate. Accord- 
ing to the present embodiment , not only the changing tim- 
ing of the output voltage VHR of the downstream humidity 
sensor 23 (hereinafter referred to as "downstream chang- 
ing timing"), but also the changing timing of the output 
voltage VHF of the upstream humidity sensor 24 (hereinaf- 
ter referred to as "upstream changing timing") are de- 
tected. Integrated moisture quantity data representative 
of an integrated amount of moisture that is supplied to 
the HC adsorbent 12 from the upstream changing timing to 
the downstream changing timing is determined as a dete- 
rioration evaluating parameter for evaluating the dete- 
riorated state of the HC adsorbent 12. In order to gen- 
erate integrated moisture quantity data, the integrated 
fuel injection quantity ZTout which represents an inte- 
grated value of the fuel injection quantity command value 
Tout is used as with the first embodiment. More specifi- 
cally, as shown in FIG. 5, if an integrated fuel injec- 
tion quantity ZTout at the upstream changing timing (tl 
in FIG. 5) is represented by Qf and an integrated fuel 
injection quantity 2Tout at the downstream changing tim- 
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ing (t2 in FIG. 5) is represented by Qr, which represents 
the deterioration evaluating parameter according to the 
first embodiment, then DQ = Qr - Qf is used as a deterio- 
ration evaluating parameter. According to the second em- 
bodiment, as with the first embodiment, characteristic 
changes of the humidity sensors 23, 24 due to a deterio- 
ration thereof and characteristic variations of different 
individual humidity sensors 23, 24 are compensated for. 

Based on the concept described above, the ap- 
paratus according to the second embodiment will be de- 
scribed in further detail below. According to the second 
embodiment, the deterioration evaluating device 21 car- 
ries out the operation sequence shown in FIG. 6 when the 
internal combustion engine 1 starts operating. The op- 
eration sequence corresponds to the process shown in FIG. 
6 that is carried out in the first embodiment. 

In the process shown in FIG. 11, the deterio- 
ration evaluating device 21 carries out the same process- 
ing as in STEP 1 through STEPS, STEP12 shown in FIG. 6 in 
the first embodiment in STEP51 through STEP55, STEP66, 
setting the flag F/MCND . If the flag F/MCND is set to 
"1" , indicating that the deteriorated state of the HC ad- 
sorbent 12 is to be evaluated, then the deterioration 
evaluating device 21 carries out the same processing as 
in STEP 6 through STEP9 shown in FIG. 6 with respect to 
the upstream humidity sensor 24 in STEP56 through STEP59 . 
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Specifically, the deterioration evaluating device 21 ac- 
quires present detected data of the output voltage VHF of 
the upstream humidity sensor 24 and detected data of the 
resistance LBF of the label resistive element 26 in 
STEP56. Then, the deterioration evaluating device 21 
sets the present value of the output voltage VHF of the 
upstream humidity sensor 24 as an initial value of a 
maximum output parameter VHF /MAX and a preceding output 
parameter VHF /PRE with respect to the upstream humidity 
sensor 24 in STEP57 . As with the first embodiment, the 
maximum output parameter VHF /MAX represents the latest 
maximum value of the output voltage VHF of the upstream 
humidity sensor 24, and the preceding output parameter 
VHF /PRE represents a preceding value of the output volt- 
age VHF of the upstream humidity sensor 24 in each cycle 
time of a deterioration evaluating process to be de- 
scribed later on. 

Then, the deterioration evaluating device 21 
sets an individual sensor characteristic parameter 
VHF/ INI with respect to the upstream humidity sensor 24 
depending on the resistance LBF of the label resistive 
element 26 that has been acquired in STEPS 6 with respect 
to the upstream humidity sensor 24, in STEP58 . The indi- 
vidual sensor characteristic parameter VHF/ INI signifies 
the output voltage VHF of the upstream humidity sensor 24 
when the relative humidity at the location of the up- 
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stream humidity sensor 24, i.e., upstream of the HC ad- 
sorbent 12, is a substantially constant high humidity 
(about 100 %) after the internal combustion engine 1 has 
started to operate if the humidity sensor 23 is brand- 
new, as with the first embodiment. The individual sensor 
characteristic parameter VHF/INI is based on a predeter- 
mined data table in the same manner as when the individ- 
ual sensor characteristic parameter VHR/INI is set with 
respect to the downstream humidity sensor 23 in STEP8 
shown in FIG. 6. If the humidity sensors 23, 24 are of 
the same type, then the data table used in STEP58 may be 
the same as the data table according to the first embodi- 
ment . 

Then, the deterioration evaluating device 21 
sets a changing timing detecting preset value AVhf de- 
pending on a sensor deterioration parameter VHF/OFF, 
which is presently held, with respect to the upstream hu- 
midity sensor 24 in STEP59. The sensor deterioration pa- 
rameter VHF/OFF has the same meaning as the sensor dete- 
rioration parameter VHR/OFF with respect to the down- 
stream humidity sensor 23 described in the first embodi- 
ment. The sensor deterioration parameter VHF/OFF repre- 
sents an offset of the output voltage VHF of the upstream 
humidity sensor 24 from the individual sensor character- 
istic parameter VHR/INI when the relative humidity at the 
location of the humidity sensor 24 upstream of the HC ad- 
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sorbent 12 is a substantially constant high humidity 
(about 100 %). The sensor deterioration parameter 
VHF/OFF is obtained when the internal combustion engine 1 
is in operation as described later on. The sensor dete- 
rioration parameter VHF/OFF that is used to set the 
changing timing detecting preset value AVhf in STEP59 is 
the latest one of values that have been determined while 
the internal combustion engine 1 has operated in the 
past, basically while the internal combustion engine 1 
has been in the preceding operation. The changing timing 
detecting preset value AVhf relative to the upstream hu- 
midity sensor 24 is set based on a data table which is 
similar to the data table shown in FIG. 7 according to 
the first embodiment. The changing timing detecting pre- 
set value AVhf relative to the upstream humidity sensor 
24 may be set using the same data table as the data table 
used to set the changing timing detecting preset value 
AVhr relative to the downstream humidity sensor 23. How- 
ever, the changing timing detecting preset value AVhf may 
be set based on a data table dedicated to the upstream 
humidity sensor 24 in view of the actual transition of 
the relative humidity upstream of the HC adsorbent 12. 
At any rate, the changing timing detecting preset value 
AVhf is set such that it is smaller as the value of the 
sensor deterioration parameter VHF/OFF is smaller, i.e., 
as the upstream humidity sensor 24 is more deteriorated. 
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Then, the deterioration evaluating device 21 
carries out the same processing as in STEP 6 through 
STEP9 shown in FIG. 6 in STEP60 through STEP63 , setting 
the parameters VHR/MAX, VHR/PRE, VHR/INI, AVhr with re- 
spect to the downstream humidity sensor 23. 

Then, the deterioration evaluating device 21 
determines a deterioration evaluating threshold TRSDT for 
the HC adsorbent 12 depending on the initial engine tem- 
perature TW acquired in STEP52, i.e., depending on the 
temperature of the HC adsorbent 12, in STEP64. The dete- 
rioration evaluating threshold TRSDT is set based on a 
data table (not shown) which has the same data tendency 
as the data table shown in FIG. 8 according to the first 
embodiment. According to the second embodiment, however, 
since the integrated amount of moisture supplied to the 
HC adsorbent 12 starts to be integrated from the changing 
timing of the output voltage VHF of the upstream humidity 
sensor 24, the deterioration evaluating threshold TRSDT 
is set to a value that is smaller than the deterioration 
evaluating threshold TRSDT in the first embodiment by a 
certain quantity. 

Then, the deterioration evaluating device 21 
initializes the timer TM which measures the engine opera- 
tion elapsed time TM to "0" , and also initializes flags 
F/HRWET, F/HFWET to "0" in STEP65. Thereafter, the proc- 
ess shown in FIG. 11 is put to an end. The flag F/HRWET 
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is the same as the flag F/HRWET in the first embodiment. 
The flag F/HFWET is "1" when the output voltage VHF of 
the upstream humidity sensor 24 changes from a high volt- 
age level to a low voltage level, and "0" when the output 
voltage VHF of the upstream humidity sensor 24 does not 
change from a high voltage level to a low voltage level. 

After having carried out the operation se- 
quence shown in FIG- 11, i.e., after the internal combus- 
tion engine 1 has started to operate, the deterioration 
evaluating device 21 carries out an operation sequence 
shown in FIGS. 12 and 13 to perform a deterioration 
evaluating process in a given cycle time. The deteriora- 
tion evaluating process corresponds to the process shown 
in FIGS. 9 and 10 according to the first embodiment. 

In the deterioration evaluating process shown 
in FIGS. 12 and 13, the deterioration evaluating device 
21 carries out the processing in STEP71 through STEP73 
which is the same as the processing in STEP21 through 
STEP23 shown in FIG. 9 according to the first embodiment. 
If F/HRWET = 0 in STEP73, i.e., if the output voltage VHR 
of the downstream humidity sensor 23 has not yet changed 
to a high voltage level, then the deterioration evaluat- 
ing device 21 acquires present detected data of the out- 
put voltages VHR, VHF of the humidity sensors 23, 24, and 
also acquires the present fuel injection quantity command 
value Tout from the ECU 20 in STEP74. Then, the deterio- 
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ration evaluating device 21 determines the integrated 
fuel injection quantity ZTout which represents an inte- 
grated value (accumulative sum) of the fuel injection 
quantity command value Tout that acquired in STEP74 as 
integrated moisture quantity data in STEP75 . 

Then, the deterioration evaluating device 21 
carries out the processing in STEP76 through STEP78 which 
is the same as the processing in STEP26 through STEP28 
shown in FIG. 9 according to the first embodiment, updat- 
ing the maximum output parameter VHR/MAX and the preced- 
ing output parameter VHR/PRE with respect to the down- 
stream humidity sensor 23. 

Then, the deterioration evaluating device 21 
determines the value of the flag F/HFWET in STEP79. Im- 
mediately after the internal combustion engine 1 has 
started to operate, F/HFWET = 0 because the output volt- 
age VHF of the upstream humidity sensor 24 has not yet 
changed from a high voltage level to a low voltage level. 
In this case, the deterioration evaluating device 21 car- 
ries out the same processing as in STEP76 through STEP78 
with respect to the downstream humidity sensor 23 in 
STEP80 through STEP82 with respect to the upstream humid- 
ity sensor 24. Specifically, the deterioration evaluat- 
ing device 21 determines whether the present output volt- 
age VHF of the upstream humidity sensor 23 acquired in 
STEP74 is larger than the present value of the preceding 
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output parameter VHF/PRE in STEP80. If VHF > VHF/PRE, 
then the deterioration evaluating device 21 updates the 
value of the maximum output parameter VHF /MAX into the 
present value of the output voltage VHF of the upstream 
humidity sensor 24 in STEP81, and also updates the value 
of the preceding output parameter VHF/PRE into the pre- 
sent value of the output voltage VHF of the upstream hu- 
midity sensor 24 in STEP82 . If VHF < VHF/PRE in STEP80, 
then the deterioration evaluating device 21 does not up- 
date the value of the maximum output parameter VHF /MAX in 
STEP81, but updates the value of the preceding output pa- 
rameter VHF/PRE into the present value of the output 
voltage VHF of the upstream humidity sensor 24 in STEP82 . 
In the processing of STEP80 - STEP82, maximum values of 
the output voltage VHF of the upstream humidity sensor 
24, i.e., minimum values taken by the relative humidity 
represented by the output voltage VHF, are sequentially 
retrieved. 

Then, the deterioration evaluating device 21 
compares the present value of the output voltage VHF of 
the upstream humidity sensor 24 with a value (VHF /MAX - 
AVhf) which is produced by subtracting the changing tim- 
ing detecting preset value AVhf set in the process shown 
in FIG. 11 from the present value of the maximum output 
parameter VHF/MAX (the latest value of VHF /MAX) in 
STEP83 . If VHF > VHF/MAX - AVhf, i.e., if the present 
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output voltage VHF of the upstream humidity sensor 24 is 
not smaller than the latest maximum output parameter 
VHF/MAX by AVhf , then the timing of the present cycle 
time has not yet reached the changing timing with respect 
to the upstream humidity sensor 24. In this case, the 
deterioration evaluating device 21 puts the deterioration 
evaluating process in the present cycle time to an end. 

If VHF < VHF/MAX - AVhr in STEP83, then the 
present output voltage VHF of the upstream humidity sen- 
sor 24 is smaller than the latest maximum output parame- 
ter VHF/MAX by AVhf or greater. In this case, the dete- 
rioration evaluating device 21 judges that the timing of 
the present cycle time (time tl in FIG. 5) is the chang- 
ing timing with respect to the upstream humidity sensor 
24, and holds the present integrated fuel injection quan- 
tity ZTout as an auxiliary parameter Qf in STEP84. Since 
the output voltage VHF of the upstream humidity sensor 24 
has changed from a high voltage level to a low voltage 
level, the deterioration evaluating device 21 sets the 
flag F/HFWET to "1" in STEP85, an<J ends the deterioration 
evaluating process in the present cycle time. 

When the flag F/HFWET is set to "1" in STEP85, 
the answer to STEP79 becomes NO from a next cycle time 
on. In this case, the deterioration evaluating device 21 
compares the present value of the output voltage VHR of 
the downstream humidity sensor 23 with a value (VHR/MAX - 
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AVhr) which is produced by subtracting the changing tim- 
ing detecting preset value AVhr set in the process shown 
in FIG. 11 from the present value of the maximum output 
parameter VHR/MAX (the latest value of VHR/MAX) in 
STEP86. If VHR > VHR/MAX - AVhr, then the timing of the 
present cycle time has not yet reached the changing tim- 
ing with respect to the downstream humidity sensor 23. 
In this case, the deterioration evaluating device 21 puts 
the deterioration evaluating process in the present cycle 
time to an end. 

If VHR < VHR/MAX - AVhr in STEP86, then since 
the timing of the present cycle time (time t2 in FIG. 5) 
is the changing timing, the deterioration evaluating de- 
vice 21 holds a value that is produced by subtracting the 
value of the auxiliary parameter Qf acquired in STEP84 , 
i.e., the integrated fuel injection quantity at the 
changing timing with respect to the upstream humidity 
sensor 24, from the present integrated fuel injection 
quantity ZTout , as a deterioration evaluating parameter 
DQ for evaluating the deteriorated state of the HC ad- 
sorbent 12 in STEP87. In this manner, the integrated 
fuel injection quantity from the changing timing with re- 
spect to the upstream humidity sensor 24 to the changing 
timing with respect to the downstream humidity sensor 23, 
which represents the total amount of moisture supplied to 
the HC adsorbent 12 during the period between the above 
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two changing timings , is obtained as the deterioration 
evaluating parameter DQ. The deterioration evaluating 
device 21 then sets the flag F/HRWET to "1" in STEP88, 
and ends the deterioration evaluating process in the pre- 
sent cycle time. 

When the flag F/HRWET is set to "1" in STEP88, 
the answer to STEP73 becomes NO from a next cycle time 
on. The deterioration evaluating device 21 compares the 
present engine operation elapsed time TM with the prede- 
termined value TMSH in STEP89, thus determining whether 
the output voltages VHR, VHF of the humidity sensors 23 , 
24 have converged to a substantially constant low voltage 
level, i.e., a voltage corresponding to a relative humid- 
ity of about 100 %. The predetermined value TMSH may be 
identical to the predetermined value TMSH in the first 
embodiment. Alternatively, different predetermined val- 
ues TMSH may be set for the respective humidity sensors 
23, 24. 

If the answer to STEP89 is NO, then since the 
output voltage VHR of the downstream humidity sensor 23 
has not yet converged to the low voltage level, the dete- 
rioration evaluating device 21 finishes the deterioration 
evaluating process in the present cycle time. If the an- 
swer to STEP89 is YES, then the deterioration evaluating 
device 21 executes the same processing as in STEP33 
through STEP35 according to the first embodiment in 
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STEP 90 through STEP92 with respect to the downstream hu- 
midity sensor 23. In STEP90 through STEP92 , the deterio- 
ration evaluating device 21 also carries out the same 
process as with the downstream humidity sensor 23 on the 
upstream humidity sensor 24. Specifically, with respect 
to the upstream humidity sensor 24, the deterioration 
evaluating device 21 acquires the present detected data 
of the output voltage VHF of the upstream humidity sensor 
24 in STEP90 . Thereafter, the deterioration evaluating 
device 21 stores the present value of the sensor deterio- 
ration parameter VHF /OFF with respect to the upstream hu- 
midity sensor 24, i.e., the value of VHF/OFF that has 
been used to set the changing timing detecting preset 
value AVhf in the process shown in FIG. 11 at the start 
of the present operation of the internal combustion en- 
gine 1, as the value of a parameter B in STEP91. Then, 
the deterioration evaluating device 21 determines, as a 
new value of the sensor deterioration parameter VHF/OFF 
with respect to the upstream humidity sensor 24, a value 
that is produced by subtracting the individual sensor 
characteristic parameter VHF/INI with respect to the up- 
stream humidity sensor 24 from the present value of the 
output voltage VHF of the upstream humidity sensor 24 ac- 
quired in STEP90, in STEP92. 

Then, the deterioration evaluating device 21 
determines, in STEP 93, whether the absolute value 
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|VHR/OFF - A | of the difference between the newly deter- 
mined sensor deterioration parameter VHR/OFF with respect 
to the downstream humidity sensor 23 and the preceding 
value of the sensor deterioration parameter which has 
previously been stored as the value of the parameter A is 
smaller than a predetermined value e (sufficiently small 
positive value) or not, and also whether the absolute 
value |VHF/OFF - B | of the difference between the newly 
determined sensor deterioration parameter VHF/OFF with 
respect to the upstream humidity sensor 24 and the pre- 
ceding value of the sensor deterioration parameter which 
has previously been stored as the value of the parameter 
B is smaller than the predetermined value e or not. If 

| VHR/OFF - A | > e or | VHF/OFF - B| > e, then the changing 
timing detecting preset value AVhr used in STEP86 during 
the present operation of the internal combustion engine 1 
may possibly not correspond to the present deteriorated 
state of the downstream humidity sensor 23 or the chang- 
ing timing detecting preset value AVhf used in STEP83 may 
possibly not correspond to the present deteriorated state 
of the upstream humidity sensor 24. In this case, the 
deterioration evaluating device 21 does not essentially 
evaluate the deteriorated state of the HC adsorbent 12 
based on the deterioration evaluating parameter DQ that 
has been determined in STEP87 in the present operation of 
the internal combustion engine 1. That is, the deterio- 
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ration evaluating device 21 resets the flag F/MCND to "0" 
in STEP98, and ends the deterioration evaluating process 
in the present cycle time. 

If |VHR/OFF - A | < e and |VHF/OFF - B| < e in 
STEP93, then the deterioration evaluating device 21 de- 
termines whether the HC adsorbent 12 is in the non- 
deteriorated state or the deterioration-in-progress 
state, i.e., essentially evaluates the deteriorated state 
of the HC adsorbent 12, based on the deterioration evalu- 
ating parameter DQ that has been determined in STEP87, in 
STEP94 through STEP97. Specifically, the deterioration 
evaluating device 21 compares the value of the deteriora- 
tion evaluating parameter DQ with the deterioration 
evaluating threshold TRSDT that is set in the process 
shown in FIG. 11 when the internal combustion engine 1 
starts to operate in STEP94. If DQ > TRSDT, then the de- 
terioration evaluating device 21 judges that the HC ad- 
sorbent 12 is in the non-deteriorated state and sets the 
flag F/TRS to "0" in STEP95. If DQ < TRSDT, then deterio- 
ration evaluating device 21 judges that the HC adsorbent 
12 is in the deterioration-in-progress state and sets the 
flag F/TRS to "1" in STEP96. Then, the deterioration 
evaluating device 21 controls the deterioration indicator 
22 to indicate that the catalytic converter 3 is in the 
deterioration-in-progress state in STEP97. After having 
thus determined the deteriorated state of the HC adsorb- 
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ent 12, the deterioration evaluating device 21 resets the 
flag F/MCND to "0" in STEP98, and then ends the deterio- 
ration evaluating process. 

According to the second embodiment, as with 
the first embodiment, the changing timing detecting pre- 
set value AVhr with respect to the downstream humidity 
sensor 23 is set depending on the sensor deterioration 
parameter VHR/OFF which represents a characteristic 
change of the downstream humidity sensor 23 due to a de- 
terioration thereof. Similarly, the changing timing de- 
tecting preset value AVhf with respect to the upstream 
humidity sensor 24 is set depending on the sensor dete- 
rioration parameter VHF/OFF which represents a character- 
istic change of the upstream humidity sensor 24 due to a 
deterioration thereof. The reference value VHR/INI serv- 
ing as a reference for the sensor deterioration parameter 
VHR/OFF with respect to the downstream humidity sensor 23 
is set depending on the resistance LBR of the label re- 
sistive element 26 that represents individual character- 
istics of the downstream humidity sensor 23. Likewise, 
the reference value VHF/INI serving as a reference for 
the sensor deterioration parameter VHF/OFF with respect 
to the upstream humidity sensor 24 is set depending on 
the resistance LBF of the label resistive element 26 that 
represents individual characteristics of the upstream hu- 
midity sensor 24. 
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Therefore, as with the first embodiment, it is 
possible to adequately evaluate the deteriorated state of 
the HC adsorbent 12 based on the deterioration evaluating 
parameter DQ while compensating for characteristic 
changes of the humidity sensors 23, 24 due to a deterio- 
ration thereof and for characteristic variations among 
individual sensors 23, 24. Since characteristic changes 
of the humidity sensors 23, 24 and characteristic varia- 
tions among individual sensors 23, 24 can be compensated 
for, requirements for the steadiness of the characteris- 
tics of individual sensors 23, 24 and the uniformity of 
the characteristics of individual sensors 23, 24 are made 
less stringent. Consequently, the cost required to de- 
velop the humidity sensors 23, 24 and the cost required 
to manufacture the humidity sensors 23, 24 are reduced. 

According to the second embodiment, inasmuch 
as the integrated fuel injection quantity (Qr - Qf) as 
integrated moisture quantity data from the upstream 
changing timing to the downstream changing timing is used 
as the deterioration evaluating parameter DQ, variations 
of the upstream changing timing with respect to the dete- 
rioration evaluating parameter DQ can be compensated for 
to increase the reliability with which to evaluate the 
deteriorated state of the HC adsorbent 12. 

In the first and second embodiments, the 
changing timing is detected using a change (VHR/MAX - 
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VHR, VHF/MAX - VHF) from the latest maximum value of the 
output voltages of the humidity sensors 23, 24, which 
corresponds to the minimum value of the relative humid- 
ity, as representing a characteristic quantity of changes 
in the output voltages of the humidity sensors 23, 24. 
However, the changing timing may be detected using, in 
addition to the above change, a characteristic quantity 
of changes per given time in the output voltages of the 
humidity sensors 23, 24, e.g., rates of change of the 
output voltages of the humidity sensors 23, 24. 

The first and second embodiments have been de- 
scribed as being applied to a system for evaluating the 
deteriorated state of the HC adsorbent 12 that is inde- 
pendently disposed in the exhaust system of the internal 
combustion engine 1. However, the principles of the pre- 
sent invention are also applicable to a system for evalu- 
ating the deteriorated state of an HC adsorbent in a hy- 
drocarbon adsorbing catalyst which comprises a composite 
combination of the HC adsorbent and three-way catalyst or 
the like. The hydrocarbon adsorbing catalyst may com- 
prise, for example, a carrier of honeycomb structure 
whose surface is coated with an HC adsorbent of zeolite 
and which carries a precious metal such as platinum, pal- 
ladium, rhodium, or the like as a constituent material of 
the three-way catalyst. 

Although certain preferred embodiments of the 
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present invention have been shown and described in de- 
tail, it should be understood that various changes and 
modifications may be made therein without departing from 
the scope of the appended claims . 
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